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ABSTRACT 
 
One of the central issues in avian community ecology is an understanding of diversity 
patterns. The diversity of birds is especially important in endangered ecosystems because 
birds are good indicator species, and their presence could give conservation biologists and 
wildlife managers clues about the overall health of these systems. I studied the richness, 
abundance, and community composition of songbirds in two endangered ecosystems in 
temperate North America, riparian willow habitat of the Greater Yellowstone Ecosystem 
(GYE), and in a restored tallgrass prairie in central Iowa, Neal Smith National Wildlife 
Refuge (Neal Smith NWR). I was especially interested in the habitat variables across time 
and space that influenced avian diversity patterns in these two areas. It was also my goal to 
offer wildlife biologists and managers advice on how to maximize diversity in both 
endangered ecosystems. Finally, I wanted to emphasize the importance of analyzing flyover 
data (swallows used as a case study) in order to elucidate further questions about diversity in 
avian community and landscape ecology. Vegetation height and density were two important 
variables that help predict avian diversity in both the GYE and at Neal Smith NWR. The age 
of a restored prairie habitat and litter depth was also very important in shaping the 
community composition of birds in tallgrass prairies. However, birds respond to different 
variables in their habitat based on the varying life history characteristics across species (e.g. 
nesting and foraging preferences), and this makes it difficult to offer general suggestions on 
how to maximize avian diversity in any natural system. I recommend offering a variety of 
habitat types and structures in order to attract as many species as possible. It is also critically 
important to consider the habitat needs of the most endangered birds in each of these 
ecosystems. Avian biologists should continue to study diversity trends in various systems, 
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and come to a clearer understanding of the specific habitat variables that most influence the 
richness, abundance, and community composition of birds (habitat features, climate change, 
patch size etc.).  
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CHAPTER 1. INTRODUCTION  
 
 
The Continued Need to Study Avian Diversity Patterns  
 
 One of the key issues in avian community ecology is measuring bird diversity over 
time and space for a habitat or ecosystem. Richness, abundance, and community composition 
are three critical measurements used to gain insight on the diversity of particular taxa in a 
natural system (Magurran 2004). Birds are a prime choice to address questions of diversity 
because they are considered good indicator species and may give conservation biologists, 
ecologists, and wildlife managers clues about the overall natural health of an ecosystem 
(Taper et al. 1995).  
 Many studies have already examined how avian diversity responds to the structural 
characteristics of habitat (Mac Arthur and Mac Arthur 1961; Jackson 1992; Yamura et al. 
2006). Typically, these studies have demonstrated that avian diversity increases with 
increased levels of vertical and horizontal habitat structure (Hilden 1965; Cody 1968; Wiens 
1969; Zimmerman 1971). Most of this work has focused on bird species inhabiting prairie 
and forested ecosystems in North America and were not performed over large temporal 
scales (Cody 1974; Zimmerman 1992; Powell 2006; Sallabanks et al. 2006). While these 
studies have confirmed the need for preserving habitat, it is important to consider other 
endangered systems for study, and it is pertinent to perform these studies over large periods 
of time (10+ years) so we can gauge the success of management projects aimed at restoring 
or preserving habitat. Our studies focused on bird diversity in two endangered ecosystems of 
North America: riparian willow habitat across two regions of the Greater Yellowstone 
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Ecosystem (GYE); and at Neal Smith National Wildlife Refuge (Neal Smith NWR), a large-
scale tallgrass prairie restoration project in central Iowa.  
 
System I – Avian Diversity in Riparian Willows of the Greater Yellowstone Ecosystem 
 Ecologists do not have much long-term data documenting diversity trends and 
community composition of birds inhabiting riparian willows of the mountain west United 
States. Montane riparian willows (Salix spp.) support the greatest diversity of songbird 
species of the Western U.S. (Knopf et al. 1988; Dobkin 1998). This ecosystem provides a 
number of critical ecological functions including stabilizing stream banks, moderating water 
temperatures and the surrounding microclimate, providing corridors for dispersal of plants 
and vertebrates, and supporting a rich array of species from insects to birds to large ungulates 
and predators (Wingington and Beschta 2000; NRC 2002; Ripple and Beschta 2004). Some 
of these willow habitats have been in decline for decades (Singer et al. 1998). For example, 
Peinetti et al. (2002) documented a 20% decline in riparian willow shrub cover and a 55% 
decline in tall willow cover in two valleys of Rocky Mountain National Park, Colorado.  
 A number of factors may have contributed to the decline of the riparian willow 
habitat in the western United States, including over-browsing by elk (Cervus elaphus), and 
climate change (Romme and Turner 1991; Kay and Chadde 1992). Our studies focus on the 
former. Ammon and Stacey (1997) and Berger et al. (2001) identified a number of songbird 
species that were less abundant in areas where vegetative structure of willows had been 
altered by browsing by elk (including Yellow Warblers (Dendroica petechia), Willow 
Flycatchers (Empidonax trailii), Fox Sparrows (Passerella iliaca), and Calliope 
Hummingbirds (Stellula calliope)). Singer et al. (1994) found that 47% of willow 
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communities in the winter range of elk in northern Yellowstone National Park had been 
height suppressed.  
Our primary objectives in the GYE were to: (1) compare willow habitat structure in 
the northern and southern portions of the Greater Yellowstone Ecosystem (each region has a 
different elk browsing history), and (2) examine how songbird communities respond to the 
habitat structure of willows in this montane riparian system. Finally, we intended to provide 
an assessment of the conservation implications based on the relationship between avian 
diversity and willow structure in the GYE. Our central hypothesis was that songbird diversity 
is directly correlated with the variables used to describe the vegetative structure of willow 
habitat (height and density). Thus, as the vertical and horizontal complexity of this habitat 
increases, we expect to see an increase in the number and types of avian species at our study 
sites.  
 
System II – Avian Diversity in a Restored Tallgrass Prairie, Neal Smith National Wildlife 
Refuge  
 Temperate grasslands are one of the world’s most endangered ecosystems (Van Dyke 
et al. 2004). In North America alone, 99% of the original tallgrass prairie has been destroyed 
or modified primarily for agricultural purposes (Lunt 2003). The restoration of tallgrass 
prairie in the central United States has become an essential conservation practice because so 
much of the natural habitat has been lost over the last 50 years. Birds have been especially 
impacted by this landscape alteration. Grassland birds are declining faster than any other 
group of avian species in temperate North America (Peterjohn and Sauer 1993; Knopf 1994). 
Henslow’s Sparrows, Grasshopper Sparrows, and Bobolinks are just a few grassland 
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specialist species that have experienced significant population declines in the past several 
decades (Vickery et al. 1999; Sauer et al. 2004). A number of these species are endangered at 
both state and national levels (Zohrer 2006).  
 It was our intention to add to the growing information we already have in terms of 
how avian species respond to management practices on a restored tallgrass prairie. We 
conducted our work on a large-scale restoration project, Neal Smith National Wildlife 
Refuge (approx. 2300 ha) in central Iowa. The Iowa Wildlife Action Plan has identified Neal 
Smith NWR as a high priority area for cooperative conservation actions and an important 
bird conservation area (Zohrer 2006). This long-term project allowed us to examine a number 
of large-scale restored prairie areas that comprise the refuge lands and that have been 
established at varying times over the last 12 years. This is a novel study because we address 
patterns of bird diversity over both large spatial and temporal scale.  
 Our main goals were to (1) inventory, survey, and monitor avian diversity at 
approximately 120 restored grassland and savannah areas at Neal Smith NWR, (2) examine 
how individual grassland bird species respond to the amount of time a prairie restoration has 
been out of crop rotation and study how avian community composition shifts through these 
successional stages, (3) measure differences in vegetation structure through the stages of 
restoration and examine how this may influence community composition, and (4) compare 
abundance trends of 16 avian species (8 grassland species and 8 woodland species) at Neal 
Smith NWR over the last 14 years to abundance trends of birds in the greater Iowa 
agricultural landscape using the North American BBS. Our central hypotheses were that (1) 
by providing birds with a variety of successional stages of prairie habitat, managers would 
provide increased complexity of vertical and horizontal structure; this would maximize 
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species diversity, and (2) long-term restorations should maintain viable populations of native 
songbird species as compared to degraded habitats at a larger landscape scale. We expected 
that prairie birds would increase in abundance at Neal Smith NWR through time as grassland 
plantings expanded, and woodland birds would decrease because the refuge is removing trees 
to provide additional space for grassland plantings.  
 
Considering “Fly-overs” as an Integral Part in Studying Avian Diversity Patterns  
 The use of fly-over data has troubled avian biologists who are studying bird diversity 
patterns (Huff et al. 2000). A flyover is defined as a bird foraging, searching, or traveling 
above the highest vegetation at a site (Huff et al. 2000). Flyover data are typically not used in 
the analyses of avian diversity because there is not sufficient evidence that these birds are 
using resources at the study site (for food, nesting etc.) (Rosenstock 1998; Harding 2005; 
Norvell et al. 2005; Aertes et al. 2008).   
 We contend that the analysis of flyover data could elucidate certain ecological 
questions in avian landscape ecology and may reveal new patterns that would normally 
remain hidden if these data were excluded from statistical analyses. We extend our study of 
avian diversity in the GYE and at Neal Smith NWR by including analyses of swallow 
diversity at our study sites. We use swallows as a case study because they are often 
considered “flyover” species in many ornithological data sets.   
The first study examines how swallows are responding to drought conditions along a 
moisture gradient in the GYE. A study done by Debinski et al. (2006) showed no response to 
these regional drought conditions. However, swallows were not used in the original analysis. 
We hypothesize that including swallows in a new analysis will allow us to document that a 
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forager’s choice of feeding sites could indicate local conditions at the time. Swallows may be 
more sensitive to food and nesting resources than other songbird species. Winkler et al. 
(2002) and Ambrosini et al. (2002) have demonstrated the importance of looking at swallow 
response to changes in environmental conditions over time (including climate change and 
habitat alterations).  
The second study compares the abundance of swallows through time at Neal Smith 
NWR and in the greater Iowa agricultural landscape (using the Breeding Bird Survey). We 
are interested in comparing these trends to the trends displayed by 16 other songbird species 
used in our previous study (songbird trends over the last 14 years – see above). Our 
hypotheses remain the same; the abundance of swallows will increase at Neal Smith NWR as 
the refuge expands over time, but will remain unchanged in the greater Iowa agricultural 
landscape. This study tests the importance of landscape-scale restoration to these birds, and 
could indicate the increased quality of foraging opportunity for swallows as the refuge has 
grown in size.  
   
Dissertation Organization  
 This dissertation consists of four independent projects examining diversity trends of 
avian species in the Greater Yellowstone Ecosystem and at Neal Smith National Wildlife 
Refuge. Each chapter has been organized and written for submission to scientific journals. 
The first data chapter examines the response of songbird communities to riparian willow 
habitat structure in two regions of the Greater Yellowstone Ecosystem. The second data 
chapter focuses on how avian species respond to vegetation structure through time in a 
restored tallgrass prairie (Neal Smith National Wildlife Refuge). The third data chapter 
7 
 
 
compares the differences in abundance trends over 14 years for 16 songbird species at Neal 
Smith National Wildlife Refuge and in the greater Iowa agricultural landscape. The fourth 
data chapter addresses how using flyover species, swallows, may elucidate further ecological 
questions regarding songbird diversity in the GYE and at Neal Smith NWR.  
 
Literature Cited  
Aertes, R., F. Lerouge, E. November, L. Lens, M. Hermy, and B. Muys. 2008. Land 
rehabilitation and the conservation of birds in a degraded Afromontane landscape in 
northern Ethiopia. Biodiversity and Conservation 17:53-69.  
Ambrosini, R., A. M. Bolzern, L. Canova, and N. Saino. 2002. Latency in response of barn  
 swallow Hirundo rustica populations to changes in breeding habitat conditions.  
 Ecology Letters 5:640-647. 
Ammon, A. M. and P. B. Stacey. 1997. Avian nest success in relation to past grazing regimes 
in a montane riparian system. Condor 99:7-13. 
Berger, J., P. B. Stacey, L. B. Bellis, and M. P. Johnson. 2001. A mammalian predator-prey  
imbalance: grizzly bear and wolf extinction affect avian neotropical migrants. 
Ecological Applications 11:947-960.  
Cody, M. L. 1968. On the methods of resource division in grassland bird communities.  
 The American Naturalist 102:107-147.  
Cody, M. L. 1974. Competition and structure of bird communities. Princeton University 
Press, Princeton, New Jersey, USA.  
Debinski, D. M., R. E. VanNimwegen, M. E. Jakubauskas. 2006. Quantifying relationships  
 between bird and butterfly community shifts and environmental change. Ecological  
8 
 
 
 Applications 16:380-393.  
Dobkin, D. S., A. C. Rich, and W. H. Pyle. 1998. Habitat and avifaunal recovery from 
livestock grazing in a riparian meadow system of the northwestern Great Basin. 
Conservation Biology 12:209-221.   
Harding, A. 2005. 2005 Landbird surveys in the Chena River Lakes flood control project and  
 recreation area. Alaska Bird Observatory Report, Fairbanks, AK, USA.  
Hilden, O. 1965. Habitat selection in birds: a review. Annales Zoologici Fennici 23:53- 
 75.  
Huff, M. H., K. A. Bettinger, H. L. Ferguson, M. J. Brown, and B. Altman. 2000. A habitat  
 based protocol for terrestrial birds, emphasizing Washington and Oregon. United  
 States Department of Agriculture, Pacific Northwest Research Station, General  
 Technical Report PNW-GTR 501.  
Jackson, S. G. 1992. Relationships among birds, willows, and native ungulates in and around  
 northern Yellowstone National Park. Thesis. Utah State University, Logan, USA.   
Kay, C. E. and S. Chadde. 1992. Reduction of willow seed production by ungulate browsing 
in Yellowstone National Park. Pages 92–99 in Proceedings: symposium on ecology 
and management of riparian shrub communities, 29–31 May, 1991 (W. P. Clary, E. 
D. McArthur, D. Bedunah, and C. L. Wambolt, Editors). General Technical Report 
INT-289. USDA, Forest Service, Intermountain Forest and Range Experiment 
Station, Ogden, Utah, USA 
Knopf, F. L., J. A. Sedgwick, and R. W. Cannon. 1988. Guild structure of riparian avifauna 
relative to seasonal cattle grazing. Journal of Wildlife Management 52:280-290.  
9 
 
 
MacArthur, R. H. and J. W. MacArthur. 1961. On bird species diversity. Ecology 
42:594-598.  
Knopf, F. L. 1994. Avian assemblages on altered grasslands. Studies in Avian Biology 
15:247-257.  
Lunt, I. D. 2003. A protocol for integrated management, monitoring, and enhancement of 
 degraded Themeda triandra grassland based on plantings of indicator species.  
 Restoration Ecology 11:223-230.  
MacArthur, R. H., and J. W. MacArthur. 1961. On bird species diversity. Ecology 
42:594-598.  
Magurran, A. E. 2004. Measuring biological diversity. Malden, MA, USA.  
Norvell, R. E., F. P. Howe, and J. R. Parrish. 2005. Riparian bird population monitoring in 
Utah, 1992-2001. 2005. United States Department of Agriculture, General Technical 
Report PSW-GTR-191.  
National Research Council (NRC). 2002. Ecological dynamics on Yellowstone’s northern 
range. National Academy Press, Washington D. C., USA.    
Peinetti, H. R., M. A. Kalkhan, and M. B. Coughenour. 2002. Long-term changes in willow 
spatial distribution on the elk range of Rocky Mountain National Park, USA. 
Landscape Ecology 17:341-354.  
Peterjohn, B. G., and J. R. Sauer. 1993. North American breeding bird survey annual  
 summary 1990-1991. Bird Populations 1:1-15.  
Powell, A. F. L. A. 2006. Effects of prescribed burns and bison (Bos bison) grazing on 
breeding bird abundances in tallgrass prairie. Auk 123:183-197.  
Ripple, W. J. and R. L. Beschta. 2004. Wolves and the ecology of fear: can predation risk 
10 
 
 
structure ecosystems? BioScience 54:755-766.  
Romme, W. H. and M. G. Turner. 1991. Implications of global climate change for 
biogeographic patterns in the Greater Yellowstone Ecosystem. Conservation Biology  
5:373-386.  
Rosenstock, S. S. 1998. Influence of Gambel Oak on breeding birds in ponderosa pine forests  
 of northern Arizona. Condor 100:485-492.   
Sallabanks, R., R. A. Riggs, L. E. Cobb, and S.W. Dodson. 2006. Bird-habitat relationships 
in grand fir forests of the Blue Mountains, Oregon. Forest Science 52:489-502.  
Sauer J. R., J. E. Hines, and J. Fallon. 2004. The North American breeding bird survey,  
 results and analysis 1966-2003. Version 2004.1. USGS Patuxent Wildlife  
 Research Center, Laurel, Maryland, USA.  
Singer, F. J., L. Mack, and R. G. Cates. 1994. Ungulate herbivory of willows on 
Yellowstone’s northern winter range. Journal of Range Management 47:435-443.   
Singer, F. J., L. C. Zeigenfuss, R. G. Cates, and D. T. Barnett. 1998. Elk, multiple factors, 
and persistence of willows in national parks. Wildlife Society Bulletin 26:419-428.  
Taper, M. L., K. Bohning-Gaese, and J. H. Brown. 1995. Individualistic responses of bird  
 species to environmental change. Oecologia 101:478-486.  
Van Dyke, F., S. E. Van Kley, C. E. Page, and J. G. Van Beek. 2004. Restoration efforts  
 for plant bird communities in tallgrass prairie using prescribed burning and  
 mowing. Restoration Ecology 12:575-585.  
Vickery, P. D., P. L. Tubaro, J. M. C. daSilva, B. G. Peterjohn, J. R. Herkert, and R. B.  
Cavalcanti. 1999. Conservation of grassland birds in the western hemisphere. Studies 
in Avian Biology 9:2-26.  
11 
 
 
Wiens, J. A. 1969. An approach to the study of ecological relationships among grassland  
 birds. Ornithological Mongraphs 8:1-93.   
Wingington Jr., P. J. and R. L. Beschta. 2000. Riparian ecology and management in multi- 
land use watersheds. American Water Resources Association, Middleburg, Virginia, 
USA.  
Winkler, D. W., P. O. Dunn, and C. E. McCulloch. 2002. Predicting the effects of climate  
 change on avian life-history traits. Proceedings of the National Academy of Sciences  
 of the United States of America 99:13595-13599 
Yamaura, Y., K. Katoh, and T. Takahashi. 2006. Reversing habitat loss: deciduous habitat  
 fragmentation matters to birds in a larch plantation matrix. Ecography 29:827-834.  
Zimmerman, J. L. 1971. The territory and density dependent effect in Spiza Americana. 
 Auk 88:591-612.  
Zimmerman, J. L. 1992. Density-independent factors affecting the avian diversity of the  
 tallgrass prairie community. Wilson Bulletin 104:85-94.  
Zohrer, J. J. 2006. Securing a future for fish and wildlife. Pages 1-99 in T. W. Little and D. 
C. Harr eds. Iowa Wildlife Action Plan. Iowa Department of Natural Resources.  
 
 
 
 
 
 
 
12 
 
 
CHAPTER 2. RESPONSE OF SONGBIRDS TO RIPARIAN WILLOW HABITAT 
 
STRUCTURE IN THE GREATER YELLOWSTONE ECOSYSTEM 
 
 
A paper published in the Wilson Journal of Ornithology  
 
 
Brian F.M. Olechnowski and Diane M. Debinski  
 
 
Abstract  
We compared the structure of riparian willow (Salix spp.) habitat and songbird 
diversity across two regions of the Greater Yellowstone Ecosystem: Gallatin National Forest 
and Yellowstone National Park in the north and Grand Teton National Park in the south. The 
average height of willows was greater (151 cm vs. 65.9 cm) in the Teton region, and the 
average density of willows was greater (45.2 % vs. 26.1%) in the Gallatin region. The 
average height of the willows was the most important variable explaining songbird species 
richness and abundance across these two regions. Songbird richness and abundance was 
greater (6.1 vs. 3.1 species; 11.7 vs. 5.6 individuals) in the Teton region. Larger patch size in 
the Teton region could be a factor contributing to the higher level of diversity but it was not 
statistically significant. Individual species responses to habitat structure varied based on the 
nesting height preference of the species. Species that nest above the ground or in taller 
vegetation had abundances positively correlated with average willow height (Yellow Warbler 
(Dendroica petechia) P < 0.001; Fox Sparrow (Passerella iliaca) P = 0.001). Yellow 
Warbler, Willow Flycatcher (Empidonax trailii), Fox Sparrow, and Common Yellowthroat 
(Geothylpis trichas) all had higher abundances in the Teton sites than in the Gallatin region. 
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The difference in willow habitat structure across these regions is likely influenced by historic 
differences in elk browsing in the northern regions of the Greater Yellowstone Ecosystem.  
 
Introduction  
Many studies have examined how avian diversity responds to structural 
characteristics of habitat (MacArthur and MacArthur 1961, Jackson 1992, Yamaura et al. 
2006). Most of this work has focused on bird species inhabiting prairie and forested 
ecosystems in North America (Cody 1974, Zimmerman 1992, Powell 2006, Sallabanks et al. 
2006). These studies confirmed the importance of preserving and restoring prairie and 
forested ecosystems, but few studies have considered how avian biological diversity may 
respond to habitat changes in other environments. Montane riparian willows (Salix spp.) 
support the greatest diversity of songbird species in the semi-arid portions of the western 
United States (Knopf et al. 1988, Dobkin et al. 1998). Thus, they warrant examination with 
respect to how their structure affects songbird diversity and abundance patterns.   
Riparian plant communities dominated by willows (Salix spp.) in the mountain 
regions of the western United States provide a number of important ecological functions 
including stabilizing stream banks, moderating water temperatures and the surrounding 
microclimate, providing riparian corridors for dispersal of plants and vertebrates, and 
supporting a rich array of species from insects to birds to large ungulates and predators 
(Wingington and Beschta 2000, NRC 2002, Ripple and Beschta 2004b). Some willow 
habitats have been in decline for a number of decades (Singer et al. 1998). Peinetti et al. 
(2002) documented a 20% decline in riparian shrub cover and a 55% decline in tall willow 
cover in two valleys of Rocky Mountain National Park, Colorado. Ammon and Stacey (1997) 
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and Berger et al. (2001) identified a number of songbird species including Yellow Warblers 
(Dendroica petechia), Willow Flycatchers (Empidonax trailii), Fox Sparrows (Passerella 
iliaca), and Calliope Hummingbirds (Stellula calliope) that are less abundant in areas where 
vegetative structure of willows had been altered by browsing.  
 Elk (Cervus elaphus) are the major native browsers of willows in the mountain west 
in the United States, and a number of studies in the Greater Yellowstone Ecosystem (GYE) 
have demonstrated decreased willow growth, reproduction, and cover in areas where elk are 
abundant (Kay and Chadde 1992; Ripple and Beschta 2004a,b).  Competition for food, 
especially in the winter, has caused ungulate populations to browse on willows, aspen 
(Populus tremuloides), and cottonwood (Populus spp.) stands in the ecosystem (Romme et 
al. 1995, Ripple et al. 2001, Smith 2001). Singer et al. (1994) found that 47% of willow 
communities in the winter range of elk in northern Yellowstone National Park have been 
height suppressed. Kay and Chadde (1992) studied long-term exclosures and found that elk 
have reduced potential willow seed production on the northern range of Yellowstone by 
100%. They concluded that some willows have not been able to produce seeds for the last 50 
years.  
The objectives of our study were to: (1) compare willow habitat structure in the 
northern and southern portions of the Greater Yellowstone Ecosystem, (2) examine how 
songbird communities respond to structure of willow habitat in this montane riparian system, 
and (3) discuss conservation implications of the relationship between avian diversity and 
willow structure in the GYE. We expected willow habitat to be more structurally complex in 
the Teton Valley (southern GYE) compared to the Gallatin (northern GYE) because of high 
levels of elk herbivory in the Gallatin River Valley (Singer et al. 1998; Ripple and Beschta 
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2004a,b). We hypothesized that songbird diversity would be correlated with the variables 
used to describe the vegetative structure of the willow habitat (height and density) of the 
vegetation.  
 
Methods  
Study Area.---Our research was conducted in two areas of the Greater Yellowstone 
Ecosystem:  Gallatin National Forest and northwest Yellowstone National Park (northern 
region of the GYE, hereafter referred to as the “Gallatin region”), and in Grand Teton 
National Park (southern region of the GYE, hereafter referred to as the “Teton region”). Non-
forest cover types within the ecosystem range from hydric willow and sedge (Carex spp.) 
meadows to alpine rock meadows. The two regions have distinct landscapes and differ in 
average patch size, but support similar riparian willow habitat, plant, and songbird species 
(Debinski et al. 2001).  Hydric meadows in the Gallatin region occur near creeks and rivers 
flowing along narrow valleys. The largest valleys are 1-3.3 km wide and up to 12.5 km long 
(Saveraid et al. 2001). The Teton region consists of large areas of sagebrush (Artemisia spp.) 
and willow flats with forested regions generally occurring on buttes, foothills, and mountains 
(Saveraid et al. 2001). The Teton Valley lies east of Jackson Lake and is 5-19 km wide and 
76 km long (Saveraid et al. 2001).  
Sampling Sites.---Sampling sites were established using remotely-sensed 
classification of the montane meadow habitats in the Greater Yellowstone Ecosystem to 
identify a moisture gradient in montane meadows. A map was produced that displayed this 
moisture gradient across meadows within the ecosystem. Hydric meadows, composed of 
riparian vegetation including willows, were identified using this map in 1997.  Sites were 
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considered suitable for sampling if they were at least 100 x 100 m in size, at least 500 m or 
farther from other sites, and within 8 km of a road or trail (Debinski et al. 2000). Willows 
had to be present at five of the 15 points (stops) at each site where we measured habitat 
structure to be included in our analysis. Eleven willow sites in the Gallatin and 14 sites in the 
Tetons met our criterion for analysis. Sites in the Gallatin were in the northwest region of 
Yellowstone National Park and within 10 km of the Gallatin River in the southeast region of 
Gallatin National Forest. Sites in the Tetons were within 8 km (east) of Jackson Lake in 
Grand Teton National Park near Moran, Wyoming. A center point was established at each 
site and was marked with a 1.25-m fiberglass or wooden post driven into the ground. UTM 
coordinates were taken at each center-point using a Global Positioning System to allow 
relocation of the points.  
Willow Habitat Structure.---We assessed the three-dimensional structure of the 
willow vegetation at 25 sampling sites in July 2000. Vegetation sampling was limited to 1 
year because of the intense effort required to obtain these data (4 people for 4 hrs/site). We 
assumed there were no major changes in grazing or browsing pressure, or effects of fire 
across years. We sampled the avifauna at each site annually between 1997 and 2001, and did 
not observe any qualitative differences in willow structure across these years (DMD, pers. 
obs.). Three 100-m transects were established at each site labeled “west”, “center”, and 
“east” and ran  north-south at a distance of 30 m from each other. The center transect ran  
through the pre-established site center. Five points, 20 m apart, were established along each 
transect, for a total of 15 points at each site. Data collected at each point included: vegetation 
type (grass, forb, shrub), maximum height of each vegetation type, and percent cover within 
each 10-cm vertical increment of the pole by that vegetation (modified from Robel et al. 
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1970). The pole used for density measurements was vertically partitioned into 10-cm 
segments up to 125 cm. Each segment was considered a “zone” and the percent density was 
estimated as: 0 = 0; 1-20 = 1; 21-40 = 20; 41-60 = 40, etc. Measurements were taken 1 m 
from the pole at each of the stops at a site. Percent density for all the points at a site was 
obtained by averaging across zones and points to provide an overall density value of the 
willows for that site. High density values were indicative of habitat that was consistently 
dense, while lower obscurity values were indicative of habitat that consists of “spaces” in the 
willow structure. The presence of willows could be assessed from 5 to all 15 of the possible 
points at each study site. We also recorded the specific willow species found at each site. The 
three major species in the Greater Yellowstone region are S. wolfii, S. boothii, and S. 
bebbiana. Salix boothii was the tallest of these three species, reaching 7 m at maturity, S. 
bebbiana reaches 3-4 m at maturity, and S. wolfii ranges from 0.5 to 1.5 m at maturity 
(USDA 2007). Relative abundance of these three species did not differ across the Gallatin 
and Teton regions (DMD and BFO, unpubl. data). Our analysis focuses on bird responses to 
vegetation structure rather than willow species composition because birds primarily choose 
where to nest or forage based on the physical structure of the habitat (Yamaura et al. 2006). 
Bird Surveys.---Songbird density and abundance data were collected using 50-m 
radius point count surveys. Surveys were conducted at all 25 of our willow sites in 1999 (n = 
11 in the Gallatin region, n = 14 in the Teton region), and at 12 of the 25 sites across the 
Gallatin region (n = 5) and Teton region (n = 7) in 1997-1998 and 2000-2001. These surveys 
were performed one to three times per year during 1997-2001 and from 0530-1030 hrs for 
each study site from late-May/early-June to mid-July. We only consider the first round of 
these surveys (during late May/early June) at each of our sampled sites due to uneven 
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sampling effort (we were not able to repeat surveys at all sites after mid-June; the highest 
sampling size for sites was attained using only the first round of surveys conducted in late 
May/early June). Each survey involved two people recording and observing for 15 min. All 
researchers were trained in identifying birds by sight and sound. Birds were not surveyed if it 
was snowing or raining, but surveys were conducted if there was light frost or snow on the 
ground because bird activity was not reduced under these conditions (DMD, pers. obs.). Each 
individual bird seen and/or heard within the 50-m radius during a survey was recorded, and 
its location and distance from the observer were mapped. Flyovers were not included in the 
analysis because we were interested in those individuals that gave evidence of using the 
habitat for foraging or reproduction. Behaviors including singing, chirping, carrying nesting 
material, and feeding fledglings were also recorded (Gill 1995).  
Statistical Analyses.---We used one-way analysis of variance (ANOVA) to assess 
differences in the three-dimensional structure of willow habitat (patch size, heights and 
densities of willows) between sites in the Gallatin region versus those in the Teton region. 
Simple and multiple linear regressions were used to examine the relationships of the 
vegetation variables and songbird species richness and abundance. Patch size was also 
considered in these analyses, and we compared patch sizes for our study sites using 
FRAGSTATS spatial analysis program (McGarigal and Marks 1994). We analyzed the 
songbird data for 1999 when all 25 sites were surveyed and for 1997-2001 when 12 sites 
were surveyed for multiple years. We averaged species richness and abundance at each site 
across years to examine how overall levels of diversity correlated with habitat measurements. 
These averages were also used to compare songbird species richness and abundance between 
the Gallatin and Teton regions. The effects of site and year were considered as co-factors 
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when comparing abundances of nine individual species that used willow habitat across both 
regions of the GYE. We calculated the average annual abundance by region for each species, 
correcting for the number of sites surveyed. We considered year as a co-factor in this analysis 
because individual species did not show time trends in abundance during the years we 
recorded our observations. Multiple comparisons of species abundances across these two 
regions were corrected using the Bonferroni method. We calculated the average Shannon-
Weaver Diversity Index (Shannon and Weaver 1962) across the 12 sites that were sampled 
between 1997 and 2001 to compare overall levels of songbird diversity between the two 
regions of the GYE. Analyses were performed using the statistical software package S-Plus 
Version 7.0 (Insightful Corp 2005).  
 
Results  
Willow Structure in the Gallatin and the Tetons.---The overall three-dimensional 
structure of willow habitat was strikingly different when comparing the northern and 
southern regions of the GYE (Table 2.1). Willows in the Gallatin region were shorter and 
more dense, whereas willows in the Teton region were taller and less dense. Average willow 
heights and densities were negatively correlated (r 2 = 0.40, P = 0.0009). Average patch size 
of willow sites surveyed was much greater in the Teton region, but patch sizes of sites 
surveyed in this region varied considerably, and this difference was not significant (F (1, 23)= 
4.0,  P = 0.07). The extent of willows surveyed at each site, (measured as the number of 
points where willows are present divided by 15) did not differ between the Gallatin and the 
Tetons (n = 11 for the Gallatin and n = 14 for the Tetons).   
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Willow Structure and Songbird Species Diversity in Willow Habitat of the GYE.---
Two separate analyses were conducted to examine songbird abundance and richness versus 
vegetative structure. The first used all 25 sites where willows were measured and in which 
one round of bird surveys was completed in 1999. Average willow height was positively 
correlated with both songbird abundance (F (1, 23) = 6.2, P = 0.022) and richness (F (1, 23) = 
12.4, P = 0.002) across sites in the multiple linear regression model (Table 2.2A). Patch size 
differences did not have a significant influence on either abundance or richness at our sites (F 
(1, 23) = 0.8, P = 0.41; F (1, 23) = 2.8, P = 0.13, respectively). The second analysis used the 12 
willow sites in the Gallatin and Tetons that were surveyed over multiple years (1997-2001), 
including the data collected in 1999. Species richness and abundance were averaged at each 
site across this time period. Average willow height was positively correlated with average 
species richness (F (1, 10) = 6.1, P = 0.04), but not with average species abundance (F (1, 10) = 
4.7, P = 0.06) (Table 2.2B). Differences in patch size at our sites were not significant in 
explaining abundance or richness of bird species across multiple years of surveys (F (1, 10) = 
2.1, P = 0.19; F (1, 10) = 3.5, P = 0.10, respectively). None of the habitat variables (willow 
height, willow density, patch size, extent of willows) was significantly related to average 
species abundance across multiple years, but average willow height was the most important 
variable in this model when explaining both songbird species richness and abundance.  
Songbird Diversity in the Tetons and Gallatin.---Two separate analyses were 
conducted to examine differences in overall songbird richness and abundance in the Teton 
and Gallatin regions. The first used all 25 sites where willows were measured and for which 
one round of bird surveys was completed in 1999. The Tetons had higher levels of both 
songbird species richness (F (1, 23) = 5.3, P = 0.030) and abundance (F (1, 23) = 4.7, P = 0.040) 
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(Table 2.3A). The second analysis used the 12 willow sites in the Gallatin and Tetons that 
were surveyed across multiple years (1997-2001). The Tetons had higher levels of both 
average songbird species richness (F (1, 10) = 19.3, P = 0.001) and average abundance (F (1, 10) 
= 38.0, P = 0.0001). The average Shannon-Weaver Index of Diversity was also greater in the 
Teton region (F (1, 10) = 15.7, P = 0.003) (Table 2.3B).  
Individual Species Responses.---Four of nine individual species across the Gallatin 
and Teton regions (data pooled from the sites within each region and across years in which 
surveys were conducted) were more abundant in the Teton region (Table 2.4). These four 
species were the Yellow Warbler (F (1, 10) = 46.2, P <0.0001), Fox Sparrow (F (1, 10) = 12.0, P 
= 0.008), Common Yellowthroat (Geothlypis trichas) (F (1, 10) = 9.6, P = 0.030), and Willow 
Flycatcher (F (1, 10) = 7.5, P = 0.040). Abundance of three of these four species was 
significantly correlated with average willow height at 12 sites across both regions of the 
GYE: Yellow Warblers (P <0.001, r 2 = 0.26), Fox Sparrows (P = 0.001, r 2= 0.16), and 
Willow Flycatchers (P = 0.045, r 2= 0.07) (Fig. 2.1). The average abundance of three other 
species did not differ across the two regions of the GYE, but still showed a positive 
correlation with willow height. These species included Dusky Flycatcher (Empidonax 
oberholseri) (P = 0.018, r 2= 0.09), American Robin (Turdus migratorius) (P = 0.013, r 2 = 
0.10), and White-crowned Sparrow (Zonotrichia leucophrys) (P = 0.012, r 2 = 0.10).  
 
Discussion  
Differences in Willow Habitat Structure and Songbird Diversity.---Willow habitat 
was more structurally complex in the Teton than the Gallatin region and this habitat 
complexity was reflected in abundance and distribution of willow-dependent songbirds. 
22 
 
 
Willows in the Teton region were taller and less dense. Levels of overall songbird diversity 
and abundance were positively correlated with height of willows, and a greater number of 
individual songbirds and species were recorded in the Teton region. We acknowledge that 
larger patch size of willows in the Tetons could be a contributing variable for greater 
songbird species richness and abundance (despite the lack of statistical significance). 
However, other studies have also reported vegetation height as an important variable in 
explaining songbird species richness and abundance in forested (Barbaro et al. 2005) and 
prairie systems (Zalba and Cozzani 2004). The abundance of several individual species had a 
significant positive relationship with average willow height across the Gallatin and Teton 
regions. Yellow Warblers and Fox Sparrows had the strongest positive relationship with 
average willow height. Our results build on those of Berger et al. (2001) who conducted a 
similar study in the GYE and reported that structure of willow vegetation influences songbird 
species richness and abundance. Our study strengthens the biological signal of these patterns 
because we conducted bird surveys over multiple years (vs. 1 year, Berger et al. 2001) and 
we surveyed a larger number of sites than Berger et al. (2001 [n = 6]). 
High levels of herbivory can have cascading effects on species diversity and 
abundance across a variety of taxa, including plants, birds, and herbivores (McLaren and 
Peterson 1994: Ripple et al. 2001; Ripple and Beschta 2004a,b; Beyer 2007). Elk numbers 
and herbivory increased during the period of time wolves and elk control efforts (shooting 
and trapping) were absent from the GYE (mid 1920s to 1995) and, as a result of 
overbrowsing, willow recruitment decreased (Kay and Chadde 1992; Singer et al. 1994, 
1998; Ripple and Larsen 2000; Ripple et al. 2001; Ripple and Beschta 2004a,b; Beyer 2007). 
Our research demonstrates that willow habitats characterized by shorter willow vegetation 
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have lower songbird species richness and abundance. Songbirds use these habitats for 
foraging and nesting, and these activities may be affected by herbivory. Historically, winter 
populations of elk have been lower in the Teton region because many elk in the southern 
region of the GYE spend their winters on the National Elk Refuge (NER) in Jackson Hole, 
where supplemental food sources are provided (Smith et al. 2004). The additional food 
provided at the refuge has likely decreased browsing on willows within boundaries of Grand 
Teton National Park. Anderson (2007) reports that feed stations at the NER attract elk that 
browse on willows in the surrounding area, and effectively decrease willow height, songbird 
species richness, and songbird abundance. Our study sites were not near these feeding 
stations, but the Anderson (2007) study emphasizes that intense elk browsing negatively 
affects willow habitat and songbird communities. These historical patterns in elk abundance 
and grazing across the GYE are likely contributing factors in explaining the striking 
structural difference in willow habitat across our two regions of study.  
Ungulate browsing in the northern GYE has also affected American beaver (Castor 
canadensis) populations, which may be affecting riparian willow habitats. No beaver were 
documented on the northern range of the ecosystem during 1996, shortly after gray wolf 
reintroduction (Smith et al. 2003). Collins (1976) and Gribb (2004) documented active 
beaver dens in the Teton region during their studies. Ripple and Beschta (2004a) suggested 
that as elk increased in abundance in the northern range of the GYE through the mid to late 
1900s, beaver populations declined and became practically extinct. Beaver occurred in the 
northern GYE before wolves were extirpated in 1926 (Warren 1926, Jonas 1955). The 
overall vigor and success of willows is related to activity of beaver populations because 
beaver affect the level of surface water in the riparian environment (Ripple and Beschta 
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2004b). Medin and Clary (1990) also reported that avian species richness in riparian habitat 
of the mountain west was greater in ponds with beaver activity. Naiman et al. (1988) and 
Pollock et al. (1995) indicated that beaver can increase plant, invertebrate, and vertebrate 
diversity in the system.  
Individual Species Responses.---We found varying abundances of nine songbird 
species that use riparian willow habitats, but those species that nest highest in the willow 
vegetation showed consistent trends. Yellow Warblers, Fox Sparrows, Willow Flycatchers, 
and Common Yellowthroats were significantly more abundant in the Tetons (where willow 
heights were greater), and other species (e.g., Lincoln’s Sparrow [Melospiza lincolnii], 
American Robin, White-crowned Sparrow) had no clear difference in abundance levels. 
Berger et al. (2001) found that Yellow Warblers, Fox Sparrows, and Willow Flycatchers 
declined in areas that were heavily grazed by moose (Alces alces). White-crowned Sparrow 
and Lincoln’s Sparrow were found in greater abundances in more heavily grazed areas in 
Berger’s (2001) study. Additionally, Anderson (2007) found that Fox Sparrows and Willow 
Flycatchers were especially sensitive to habitat changes due to elk browsing. Reasons for 
differential responses among songbirds may be explained by nest placement. Salt (1957) 
indicated Lincoln’s Sparrow and White-crowned Sparrow nest closer to the ground level in 
the GYE (and generally reside in lower vegetation) where herbivory impacts would 
presumably not be as great. Data from Ammon and Stacey (1997) and Berger et al. (2001) 
suggest that ground nesting birds are less affected by grazing than species that nest above 
ground. In contrast, Yellow Warblers, Willow Flycatchers, and Fox Sparrows prefer to reside 
and nest in taller vegetation. Yellow Warblers, in particular, nest much higher above ground 
level. Thus, it is not surprising that Yellow Warblers had the most pronounced difference in 
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abundance across the Gallatin and Teton regions, and had the strongest positive relationship 
with willow height. If tall willows are not available, songbird species that nest high in 
willows may be absent from these ecological communities. Species that are more generalist 
in habitat selection and tend to nest lower in willows (e.g., American Robin, White-crowned 
Sparrow, Song Sparrow [Melospiza melodia]) had fewer differences in abundance levels 
across the Gallatin and Teton regions. These species choose between a number of different 
habitats to forage and nest, and their patterns of presence in riparian willow habitat may be 
more haphazard than a willow specialist, such as Willow Flycatcher.  
Conservation Implications.---Willows in the Teton region were taller and less dense 
than those in the Gallatin region. This difference in willow height and density had strong 
effects on songbird abundance and diversity patterns. The most reasonable mechanism 
causing this difference has been high levels of herbivory by elk in the northern part of the 
system, especially during winter when food is scarce. A number of other studies have 
examined how populations of ungulates can cause woody vegetation in the Rocky Mountain 
region of the United States to decline (White et al. 1998, Ripple and Larsen 2000, Beschta 
2003). Riparian songbird communities are influenced by the structural characteristics of the 
habitat, and this structure could differentially affect avian species based on their specific life 
history characteristics. Our findings suggest that songbirds that nest in the uppermost 
portions of tall willows may be particularly affected by elk herbivory. 
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Tables  
Table 2.1. Willow vegetation measurements in the Gallatin region (northern GYE) and the Teton 
region (southern GYE). Measurements were taken during summer 2000.  
 
 
 
 
Category                                        
Gallatin region     
        (n = 11)                                              
 
        x  ± SE                       
      Teton region            
(n = 14)
x  ± SE 
F P  
Willow height, cm       65.9 ± 13.0                151.6 ± 11.6          24.2 <0.0001 
Willow density, %       45.2 ±   4.1                   26.1 ±   3.8           11.5   0.003 
Patch size, ha          1.8 ± 80.5                252.8 ± 95.2           4.0   0.07 
Extent of willows at site, %       70.8 ±   6.7                  61.8 ±   6.0             1.0   0.33 
 
Table 2.2. Multiple linear regression models showing (A) Response of songbird abundance and 
richness to willow structure in 1999 across all 25 willow sites in the Greater Yellowstone Ecosystem. 
(B) Response of average songbird abundance and average songbird richness across 12 sites in which 
birds were surveyed from 1997 to 2001.   
 
 
(A) Songbird abundance  Songbird richness 
Category F P F P 
Willow height 6.2 0.022 12.4 0.002 
Willow density  0.4 0.52 1.3 0.67 
Height x density  0.5 0.48 0.05 0.82 
Patch size  0.8 0.41 2.8 0.13 
 
 
 
 
33 
 
 
Table 2.2. continued  
 
(B) Songbird abundance   Songbird richness 
Category F P F P 
Willow height 4.7 0.06 6.1 0.040 
Willow density  0.7 0.44 0.1 0.73 
Height x density  1.7 0.22 2.3 0.17 
Patch size 2.1 0.19  3.5 0.10 
 
Table 2.3. (A) Average songbird species richness and abundance across 25 willow sites in the Greater 
Yellowstone Ecosystem in 1999. (B) Average songbird species richness, abundance, and the 
Shannon-Weaver Index across 12 sites in which birds were surveyed from 1997 to 2001.  
 
 
(A) 
Gallatin region  
     (n = 11) 
    x  ± SE                                                                            
Teton region 
 (n = 14) 
x  ± SE  
F P 
Abundance     5.4 ± 1.1 8.8 ± 0.9   4.7 0.040 
Richness     3.2 ± 0.8   5.8 ± 0.6  5.3 0.030 
 
(B) Gallatin region 
     (n = 5) 
   x  ± SE 
Teton region 
    (n = 7)  
  x  ± SE   
F P 
Abundance    5.6 ± 2.0   11.7 ± 1.4   38.0 0.0001 
Richness    3.1 ± 1.3     6.1 ± 1.1   19.3 0.001 
Shannon-Weaver 
Index  
  0.9 ± 0.4   1.66 ± 0.2   15.7 0.003 
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Table 2.4. Average annual abundance by region for nine species of songbirds that used willow 
habitats in the Greater Yellowstone Ecosystem from 1997 to 2001, corrected for number of sites 
surveyed in each region 
 
 
 
    Gallatin region 
       (n = 5) 
     x  ± SE 
    Teton region  
      (n = 7)  
    x  ± SE 
F P 
Yellow Warbler    0.2 ± 0.1        2.5 ± 0.3   46.2 <0.0001 
Lincoln’s Sparrow    2.0 ± 0.4        1.7 ± 0.2     0.4   1.0 
Willow Flycatcher    0.1 ± 0.1      0.5 ± 0.1    7.5   0.040 
Fox Sparrow    0    ± 0         0.5 ± 0.1 12.0   0.008 
Common Yellowthroat    0.4 ± 0.1         1.5 ± 0.3    9.6   0.030 
Dusky Flycatcher     0.1 ± 0.4       0.3 ± 0.6   1.0   1.0 
American Robin    0.2 ± 0.1        0.3 ± 0.1   0.5   1.0  
Song Sparrow     0.3 ± 0.2        0.5 ± 0.2   0.6   1.0 
White-Crowned Sparrow    0.1 ± 0.1        0.5 ± 0.2     3.0   0.81  
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Figures  
Fig 2.1. Relationship of individual species abundances with average willow heights (cm) at 12 sites in 
the Greater Yellowstone Ecosystem. Songbird abundance data are pooled across 1997 to 2001.  
 
 
 
 
 
American Robin: P = 0.013, r2 = 0.10 
Common Yellowthroat: P = 0.78, r2 = 0.001 
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Fig 2.1 continued  
 
 
 
 
 
 
 
 
Dusky Flycatcher: P = 0.018, r2 = 0.09 
Fox Sparrow: P = 0.001, r2 = 0.16 
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Fig. 2.1 continued  
 
 
 
 
 
 
 
 
 
 
 
Lincoln’s Sparrow: P = 0.35, r2 = 0.01 
Song Sparrow: P = 0.69, r2 = 0.002 
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Fig 2.1. continued  
 
 
 
 
 
 
 
 
 
 
White-crowned Sparrow: P = 0.012, r2 = 0.10 
Willow Flycatcher: P = 0.045, r2 = 0.07 
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Fig 2.1. continued  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Yellow Warbler: P < 0.001, r2 = 0.26 
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CHAPTER 3. EXAMINING CHANGES IN VEGETATION STRUCTURE 
THROUGH TIME IN A RESTORED TALLGRASS PRAIRIE ECOSYSTEM AND 
THE IMPLICATIONS FOR AVIAN DIVERSITY AND COMMUNITY 
COMPOSITION  
 
A paper accepted for publication in Ecological Restoration  
 
Brian F.M. Olechnowski, Diane M. Debinski, Pauline Drobney, Karen Viste-Sparkman, and 
William T. Reed  
 
Abstract  
Grassland birds are one of the most endangered groups in temperate North America. 
Because many species declines have been linked to habitat fragmentation and loss, large-
scale prairie restoration projects have the potential to provide critical habitat for these 
declining species. We examined how the structure of restored grassland habitat changes 
through time and how diversity and community composition of grassland birds respond to 
these changes. Our study was completed at Neal Smith National Wildlife Refuge, a large-
scale prairie restoration in central Iowa. Vegetation composition and structure were measured 
at forty-two (n = 42) restored grassland plots throughout the refuge in 2007. Birds were 
surveyed at these locations from 1994-2007. Survey points were categorized into five 
temporal categories (out of crop rotation for 1 year, 2 years, 3 years, 4-6 years, and >6 years). 
In the initial phases of restoration, species such as Horned Larks, Red-winged Blackbirds, 
and Killdeer were abundant. Other species such as Common Yellowthroats and Dickcissels 
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were more common in established restored points. Henslow’s Sparrows only appeared at 
survey points that were out of crop rotation for >6 years. Diversity peaked in survey points 
that were 2-3 years out of crop rotation and points that were > 6 years out of rotation. 
Community composition shifted through the chronosequence of prairie plantings. Changes in 
diversity and shifts in community composition can be explained by changes in vegetative 
structure. Our results suggest that managing for a variety of restored prairie stages (ages) will 
best maintain the highest levels of avian diversity and abundance.  
 
Introduction  
Temperate grasslands are one of the world’s most endangered ecosystems (Van Dyke 
et al. 2004). For example, in North America alone 99% of the original tallgrass prairie has 
been destroyed or modified primarily for agricultural purposes (Lunt 2003). In order to 
conserve grassland communities in North America it has become necessary to develop 
restoration projects that have clear goals and that provide adequate resources needed by the 
native wildlife communities. A number of studies have examined the results of management 
practices on these restored tallgrass prairies in terms of the presence and nesting success of 
the grassland birds that inhabit these areas (Fletcher & Koford 2002; Van Dyke et al. 2004). 
Birds are often studied in these situations because they have been cited as a useful indicator 
taxon in conservation biology, and their status often reflects the overall health of the 
ecosystem (Taper et al. 1995). Grassland birds are also declining faster than any other groups 
of avian species in temperate North America (Peterjohn & Sauer 1993; Knopf 1994). For 
example, Henslow’s Sparrows (Ammodramus henslowii), Grasshopper Sparrows 
(Ammodramus savannarum), and Bobolinks (Dolichonyx oryzivorus) are just a few grassland 
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specialist species that have faced significant population declines in the past several decades 
(Vickery et al. 1999; Sauer et al. 2004).  
 A number of studies have focused on the effects that specific restoration management 
practices (burning, grazing, mowing etc.) have on grassland bird communities (Van Dyke et 
al. 2004; Fuhlendorf et al. 2006; Powell 2006). However, few studies have examined how the 
variation in vegetation structure of tallgrass prairies over time as restoration progresses 
influences bird diversity and community structure in these habitats (in addition to 
management practices that have been more thoroughly examined such as mowing, burning, 
and grazing) (Winter et al. 2005). The structure of vegetation in managed grassland systems 
can vary over time on the same site (Winter et al. 2005). Thus, managers need to better 
understand how temporal changes in habitat structure on restored tallgrass prairies affect bird 
communities.  
 The central objective of our study was to examine how specific grassland bird species 
respond to changes in vegetation structure over time since individual prairie restorations have 
been out of crop rotation. The prairie plantings are all part of a larger restoration complex 
that makes up the Neal Smith National Wildlife Refuge in central Iowa. We also evaluated 
how avian community composition shifts as a whole through a chronosequence of prairie 
plantings and study changes in vegetation due to management on these restored tallgrass 
prairies. Other studies have examined similar questions related to changes in bird diversity 
and relative abundance over time, but on smaller scales, primarily in grassland plantings that 
are part of the Conservation Reserve Program (Millenbach et al. 1996; McCoy et al. 2001). 
However, this is a novel study because we address these questions over both large spatial and 
temporal scales (approximately 2300 ha examined over a decade). 
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 We expected to see the greatest diversity of bird species in restored areas that were at 
least 3 years old. We assumed that this amount of time would allow the vegetation structure 
of the restored area to increase in complexity and thus provide adequate space for a variety of 
bird species to forage and reproduce. A number of other studies have demonstrated that avian 
diversity increases in grassland systems with increased levels of vertical and horizontal 
vegetation structure (Hilden 1965; Cody 1968; Wiens 1969; Zimmerman 1971). Fuhlendorf 
et al. (2006) demonstrated that tallgrass cover, litter cover, and vegetation height increased in 
tallgrass prairies over time after a disturbance, such as patch-burn-grazing. These changes in 
environmental variables were indicative of an overall increase in complexity of vegetation 
structure and promoted increased avian species diversity.  
 We further hypothesized grassland bird species that are most sensitive to changes in 
vegetation structure (grassland specialists) would show the most pronounced shifts in 
abundance through time. These grassland specialist species include Henslow’s Sparrows and 
Dickcissels (Spiza Americana) (Cully & Michaels 2000; Walk & Warner 2000). We 
expected that increased complexity in the vegetative structure would favor the presence of 
preferred microhabitat features for nesting and foraging for a number of other species 
(Bobolinks, Grasshopper Sparrows, Eastern Meadowlarks (Sturnella magna). Martin (1998; 
2001) discusses how imperative these microhabitat preferences are for avian species during 
the breeding season. Finally, we expected bird community composition to shift through time 
as the plantings became more established (more than 3 years). For example, as cropland is 
converted to herbaceous grassland habitat, we predicted early grassland successional species 
that use these agricultural fields (Horned Larks (Eremophila alpestris), Vesper Sparrows 
(Pooecetes gramineus), and Killdeer (Charadrius vociferus)) would become less abundant, 
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whereas tallgrass prairie specialists (Bobolinks, Eastern Meadowlarks, Henlow’s Sparrows) 
would become more abundant in subsequent years (Thomas 1999; Giesler pers. comm.).   
 
Methods  
Study Area 
 We conducted our work on a large-scale restoration project, Neal Smith National 
Wildlife Refuge (NSNWR) in Prairie City, Iowa, USA (approx 2300 ha). The refuge was 
established in 1990 and prairie plantings began in 1992 to restore an area of Iowa that was 
historically prairie and savanna (U.S. Department of Interior 1992). At the time of 
acquisition, there were 565 ha of relict natural communities within the refuge boundaries, 
including 293 ha of highly fragmented and disturbed prairie remnants, 182 ha of overgrown 
oak savanna and wooded gullies, and 89 ha of relict riparian areas (U.S. Department of 
Interior 1993; Thomas 1999). The total area under restoration has increased since 1992, and 
new prairie plantings are planned each year (beyond 2008). The major goals of the refuge 
include restoring native tallgrass prairie, wetland, and savanna habitats and performing 
research to guide the recovery of these systems (U.S. Department of Interior 1993; Drobney 
1994). This long-term project has allowed us to examine the structure of the vegetation and 
composition of avian communities at a number of large-scale prairie plantings within the 
refuge that have been established at varying times over the last 13 years.  
 
Sampling Sites and Chronosequence Stages  
 We took a chronoseres approach to this study (comparing prairie plantings at different 
stages of restoration over time). Forty-two survey points in restored grasslands have been 
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established and surveyed for birds at Neal Smith National Wildlife Refuge since 1994. At 
each site, a center point was located for avian surveys. These points were separated by a 
minimum distance of 200-m (as used in Thomas 1999). The minimum patch size of the fields 
in which we established these points was 25 ha. There was no established minimum distance 
from the edge of the refuge, and some prairie plantings are buffered by roads and woody 
areas. Edge is difficult to control for in this study because the interior of NSNWR includes 
patches of woodland and scattered agricultural fields. We examined the avian survey data in 
terms of how long each survey point has been planted with native prairie species. The 
chronosequence stages we used are: first year restoration (total number of times a point was 
analyzed in a first year restoration since 1994; n = 28), second year restoration (total number 
of times a point was analyzed in a second year restoration since 1994; n = 20), third year 
restoration (total number of times a point was analyzed in a third year restoration since 1994; 
n = 20), restored for 4-6 years (total number of times a point was analyzed in a restoration 
that has been out of crop rotation between 4-6 years since 1994; n = 24), and restored for 
greater than six years (total number of times a point was analyzed in a restoration that has 
been out of crop rotation for more than 6 years since 1994; n = 30). Any one survey point 
was not analyzed more than once in each category but may be analyzed more than once 
across different chronosequence stages (for example, a point will only be analyzed once in 
the 4-6 years out of crop rotation category; that same point may have also been analyzed in 
the 1, 2, and 3 years out of crop rotation category). In addition, some of the sites that were 
out of crop rotation for more than 6 years were planted primarily using a drill, and in 
springtime. Broadcast seeding was introduced as a major method of seed delivery in the more 
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recent plantings (1-6 years old). Thus, this difference was considered as a contributing 
variable to the potential differences in habitat characteristics across restoration categories.  
We also acknowledge that a variety of prairie management practices are used at 
NSNWR, including burning and mowing. While these practices may pose a concern in 
pinpointing the main effects that are driving our diversity responses, burning and mowing are 
controlled for based on how long the site has been out of cropland (to invigorate native 
species) (Drobney pers. comm.). Mowing is typically done in the first year after a site has 
been planted. Partial burns then typically follow every-other year. There are some occasional 
exceptions to management timing on the refuge, especially when invasive species are found 
at a site and management occurs on that site despite how long it has been out of crop rotation 
(i.e. spraying). An annual examination of plantings has been done by refuge staff to assess 
need for burning, and exotic species cover was often the driving factor determining when fire 
was recommended on a site.    
 
Measurement of Habitat Structure 
 Vegetation was measured at each of the forty-two restored grassland survey points 
during late-May and June 2007. These points existed at various stages of restoration in 2007. 
Data were collected describing the habitat structure at five locations at each survey point: one 
at the center of the site and four at each cardinal direction 30-m from the center point of the 
site. At each sampling point, we quantified vertical density using a Robel pole (Robel et al. 
1970) by taking visual obstruction readings at a distance of 1-m from the pole. The following 
data were collected at each location: litter depth, composition of the litter (plant, rock, soil, 
woody material), composition of the vegetation (woody, forb, grass), the maximum height of 
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the vegetation, and the percent obscurity of the pole by that vegetation (density). The pole 
used for the percent obscurity measurement was partitioned into 10-cm segments, up to 125-
cm. Each segment was considered a “zone” and the percent obscurity was estimated as 
follows: 0% = 0%, 1-20% = 1%, 20-40% = 20%, 40-60% = 40%, etc. A measurement of 
100% was recorded when the pole was fully obscured by vegetation at that zone.  
 
Avian Surveys  
 Birds were surveyed once per season from 1994-2007 at the center point of each site. 
Sampling of birds took place during the breeding season (late May-June). Individuals were 
surveyed between 0530 – 1030 hrs. using 10-minute point counts in 50-m radius plots 
(measured from the center point of each site). During a survey, each individual bird seen and 
/ or heard within the 50-m radius circle was recorded, and its location and distance from the 
observer was mapped. Flyovers were not included in the analysis because we were interested 
in only those individuals that showed evidence of actually utilizing the habitat for foraging 
and reproduction. We examined how the abundance of twelve grassland songbird species 
changed through the chronosequence of prairie plantings; all songbird species were included 
in an overall diversity analysis. The 12 grassland species (Dickcissel, Grasshopper Sparrow, 
Horned Lark, Killdeer, Bobolink, Vesper Sparrow and Henslow’s Sparrow) and generalist 
avian species (Red-Winged Blackbird, American Goldfinch, Common Yellowthroat, Song 
Sparrow, and American Robin) were chosen a priori based on expected abundance patterns 
for the species level analysis in order to compare the responses in these two groups of 
species.  
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Statistical Analyses 
 All statistical analyses were performed using S-Plus Version 7.0 and PC-ORD 
Version 4.0 (Insightful Corp 2005; McCune & Mefford 1999). One-way analysis of variance 
(ANOVA) was used to examine the differences in avian species richness and abundance 
through the chronosequence of prairie plantings. ANOVA was also used to assess the 
differences in prairie habitat structure as the restorations proceeded through time. Tukey-
Kramer was used as a follow-up analysis to test for specific significant differences in avian 
abundance through prairie stages (for each species analyzed) and to test for specific 
significant differences in habitat variables through the restoration categories. Multiple 
comparisons of species were corrected for using a sequential Bonferroni test (Holland & 
Copenhaver 1987). Both Shannon’s Index and Simpson’s Index were used to examine avian 
alpha diversity through the various stages of prairie restoration (Shannon & Weaver 1949; 
Simpson 1949). It is useful to consider both of these indices because Shannon’s Index is 
sensitive to changes in rare species and Simpson’s Index is sensitive to changes in the most 
abundant species (Magurran 2004). Differences in avian community composition across the 
chronosequence of prairie plantings were evaluated using both Sorensen’s Index and the 
Bray-Curtis Index (Sorensen 1948; Bray & Curtis 1957). Sorensen’s Index is based on 
relative presence / absence data, and the Bray-Curtis Index accounts for relative abundances 
of individuals of different species.  
 Comparisons of avian community composition through the chronosequence of prairie 
plantings were also assessed using a multi-random permutation procedure (MRPP) 
employing the Bray-Curtis distance measures. MRPP is a non-parametric procedure for 
testing the hypothesis of no difference between two or more groups (McCune & Mefford 
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1999). MRPP has the advantage of not requiring the assumptions of multivariate normality 
and homogeneity of variances (McCune & Mefford 1999). The statistic (A) is the chance-
corrected within-group agreement and is calculated as:   
(1) A = 1-  observed differences in the distances between values in the community matrix
expected differences in the distances between values in the community matrix 
 
When all items are identical within groups, then A = 1, the highest possible value. If 
heterogeneity within groups equals expectation by chance, then A = 0. Finally, if there is less 
agreement within groups than expected by chance, then A < 0. Values of A < 0.1 are often 
observed with community ecology data, even when the observed differences between values 
in the community matrix differs significantly from the expected (this could occur with 
sample sizes as large as n = 200) (McCune & Mefford 1999).   
 
Results 
   Individual Species Trends through a Chronosequence of Prairie Plantings   
 Seven of the twelve songbird species examined showed significant differences in 
levels of abundance through the chronosequence of prairie plantings. These species were: 
Red-winged Blackbird (F (4, 117) = 2.82, P = 0.0283), Dickcissel (F (4, 117) = 3.13, P = 
0.0173), Common Yellowthroat (Geothlypis trichas) (F (4, 117) = 5.49, P = 0.0004), Horned 
Lark (F (4, 117) = 7.26, P = <.0001), Killdeer (F (4, 117) = 9.90, P = <.0001), Vesper 
Sparrow (Pooecetes gramineus) (F (4, 117) = 4.16, P = 0.0076), and Henslow’s Sparrow (F 
(4, 117) = 7.15, P = <.0001) (Table 3.1). Horned Larks only appeared in survey points that 
were one year out of crop rotation, Killdeer only appeared in survey points that were one or 
two years out of crop rotation, and Vesper Sparrows were absent from survey points that 
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were more than three years out of crop rotation. Both Red-winged Blackbirds and Dickcissels 
peaked in abundance in survey points that were 2-3 years out of crop rotation. The highest 
levels of Common Yellowthroats occurred in survey points that were 3 years out of rotation 
and more than 6 years out of rotation. Finally, Henslow’s Sparrows were only found in 
survey points that were more than 6 years out of rotation. American Goldfinches (Carduelis 
tristis), Grasshopper Sparrows, Song Sparrows (Melospiza melodia), American Robins 
(Turdus migratorius), and Bobolinks did not show significant trends in abundance through 
the chronosequence of tallgrass prairie restoration.   
 
Alpha Diversity Trends through a Chronosequence of Prairie Plantings  
Levels of alpha diversity of avian species were significantly different through the 
chronosequence of tallgrass prairie plantings (Table 3.2). Differences in both richness across 
time (F (4, 117) = 2.01, P = 0.0023), and abundance across time (F (4, 117) = 2.65, P = 0.0367) 
were significant. Richness and abundance levels exhibited a bimodal response over time, and 
were greatest in survey points that were 2-3 years out of rotation and points that were greater 
than 6 years out of rotation. Both indices used to measure alpha diversity, Shannon’s Index 
(F (4, 117) = 5.52, P = 0.0004), and Simpson’s Index (F (4, 117) = 3.91, P = 0.0051), were also 
significantly different through the chronosequence of prairie plantings on the refuge. These 
two indices had the greatest values in survey points that were 2-3 years out of crop rotation, 
and survey points that were greater than 6 years out of crop rotation.  
 
Beta Diversity Trends through a Chronosequence of Prairie Plantings   
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 Forty total species were observed across the 42 surveyed points. Avian community 
composition changed significantly through the chronosequence of prairie plantings. Both the 
Sorensen’s Index (F (4, 117) = 6.83, P = <.0001), and the Bray-Curtis Index (F (4, 117) = 3.89, P 
= 0.0070) showed significant differences in the avian community composition across the 
chronosequence of prairie plantings (Table 3.3). Survey points that were 1 year out of 
rotation and 2 years out of rotation, and points that were 1 year out of rotation and more than 
6 years out of rotation displayed the lowest degree of similarity in avian community 
composition (Sorensen Index = 0.27, 0.25 respectively; Bray-Curtis Index = 0.27, 0.20 
respectively). A multi-random permutation procedure revealed that community composition 
was significantly different in survey points that were 1 year out of rotation and 2, 3, 4-6, and 
6+ years out of rotation, 2 years and 6+ years out of rotation, and 4-6 years and 6+ years out 
of rotation (Table 3.4).  
 
Restored Prairie Habitat Structure through a Chronosequence of Prairie Plantings   
 The percent cover of forbs (F (3, 23) = 4.50, P = 0.0126), and grass (F (3, 23) = 11.11, P 
= <.0001), and obscurity (vegetation density) of the lower levels of vegetation (zones 1-5; 0-
49cm) (F (3, 23) = 11.87, P = <.0001) changed significantly through the chronosequence of 
tallgrass prairie plantings (Fig. 3.1a). Forb cover reached its maximum in survey points that 
were 3 years out of crop rotation (x  = 54.5% cover) and minimum in points that are more 
than 6 years out of crop rotation (x  = 21.3% cover). Grass cover reached its maximum in 
survey points that were more than 6 years out of crop rotation (x  = 78.7% cover) and a 
minimum in points that were 1 year out of crop rotation (x  = 15.0% cover). Obscurity 
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(vegetation density) of the lower levels of vegetation (zones 1-5; 0-49cm) reached a 
maximum in survey points that were more than 6 years out of crop rotation (x  = 77.2% 
obscurity of the pole by the vegetation) and a minimum in points that were 1 year out of crop 
rotation (x  = 10.6% obscurity of the pole by the vegetation). Average litter depth (F (3, 23) = 
4.50, P = 0.0126) and average maximum vegetation height (F (3, 23) = 5.56, P = 0.0051) also 
changed significantly as tallgrass prairie plantings aged (Figs. 3.1b, 3.1c). Litter depth 
increased gradually as the prairie plantings aged. Survey points that were more than 6 years 
out of crop rotation showed the highest values of litter depth (x  = 7.58 cm), whereas survey 
points that were 1 year out of crop rotation displayed the lowest values of litter depth (x  = 
0.20 cm). The average maximum height of the vegetation was lowest in survey points that 
were 1 year out of crop rotation (x  = 23.87 cm). Survey points that were 3, 4 to 6, and more 
than 6 years out of crop rotation had similar levels of average maximum height of the 
vegetation (x  3 yrs. = 96.1cm, x  4-6 yrs. = 81.3cm, x  6+ years = 76.1cm respectively).  
 
Discussion  
Individual Species Trends and Habitat Changes through Stages of a Prairie Restoration  
 Red-winged Blackbird, Dickcissel, Common Yellowthroat, Horned Lark, Killdeer, 
Vesper Sparrow, and Henslow’s Sparrows all displayed significant changes in abundance 
through the chronosequence of tallgrass prairie plantings at NSNWR. Horned Lark, Killdeer, 
and Vesper Sparrows were all highest in abundance in survey points that were 1 year out of 
crop rotation. These three species selectively use and nest in open, sparsely vegetated 
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habitats (Herkert 1994; Best et al. 1995). The expansive areas of agricultural landscape in the 
state of Iowa have provided increased nesting opportunities for these species and have 
allowed these species to sustain their populations in the central U.S. (Best et al. 1995). Low 
levels of litter depth and short vegetation that are found in survey points that are 1 year out of 
crop rotation appeal to Horned Larks, Killdeer, and Vesper Sparrows. These species 
decreased in abundance in survey points that were 2 or more years out of crop rotation.  
 Red-winged Blackbird, Dickcissel, and Common Yellowthroats increased in 
abundance in survey points that were 2 or more years out of crop rotation. Red-winged 
Blackbirds and Common Yellowthroats were generally abundant throughout the refuge 
(Thomas 1999). They use a variety of habitats for nesting.  However, they do require some 
habitat cover (Best et al. 1995) and their abundance decreased in survey points that were only 
1 year out of crop rotation (short vegetation, very low density of vegetation). Red-winged 
Blackbirds decreased in abundance after a site had been out of rotation more than 2 years 
because they do not prefer grassy sites or deep litter depths (Scott et al. 2002). Dickcissels 
prefer intact prairie habitat (Thomas 1999; Powell 2006), and were more abundant in grassy 
areas (grass cover increased in survey points that were more than 1 year out of crop rotation). 
However, these species were less dependent on litter depth for nesting than other grassland 
birds, which may be why Dickcissels declined in survey points that were 3 or more years out 
of crop rotation (Volkert 1992; Powell 2006). Litter depth increased in older prairie 
plantings, and this deeper litter layer may be more preferred by other species competing for 
these nesting sites.  
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 Henslow’s Sparrows were found only in survey points that were 6 or more years out 
of crop rotation. Henslow’s Sparrows require vegetation that is tall and dense (Zimmerman 
1988; Cully & Michaels 2000). The maximum height of the vegetation became relatively tall 
2 years after a survey point had been out of crop rotation (around 95cm), and vegetation 
density was greatest in points that were more than 6 years out of crop rotation. Henslow’s 
Sparrows also rely on litter and standing dead vegetation for both nesting and foraging 
(Volkert 1992; Reinking et al. 2000; Powell 2006). In addition, they prefer high levels of 
grass cover (Scott et al. 2002). We saw the greatest average litter depth and greatest grass 
cover in survey points that were more than 6 years out of crop rotation. Thus, the variables 
favorable for the presence of Henslow’s Sparrows occurred in survey points that were out of 
crop rotation for more than 6 years.  
 We found it surprising that Bobolinks were found in very low abundances throughout 
all survey points. Herkert (1994) determined that patch size was the most important predictor 
variable for the presence of Bobolinks on grasslands. Perhaps the mosaic of different habitats 
that are found in the refuge is not favorable for Bobolinks. Bobolinks avoid heavily wooded 
areas, and NSNWR has many wooded areas dispersed throughout the landscape (Best et al. 
1995). In addition, edge effects may also hinder bobolinks from being found in our survey 
points (Best et al. 1995). This decreases the effective grassland patch size that may be 
required for Bobolinks to forage and nest.  
 
Patterns of Avian Diversity, Community Composition, and Habitat Change through Stages of 
a Prairie Restoration  
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 Alpha diversity (both species richness and abundance) at our survey points tends to 
follow a bimodal distribution through the chronosequence of prairie plantings with maximum 
diversity being reached in survey points that were 2-3 years out of crop rotation and in points 
that have been out of crop rotation for over six years. Millenbach et al. (1996) found a similar 
bimodal pattern in avian diversity though time on grass-dominated CRP fields in Michigan. It 
has been well documented that avian diversity is highly correlated with the structural 
characteristics of the habitat (MacArthur & MacArthur 1961; Jackson 1992; Yamura et al. 
2006). We likely see the first maximum in alpha diversity due to the transition of avian 
communities that takes place between the first year a survey point has been out of crop 
rotation and 2-3 years after the survey point has been out of crop rotation. Species that 
specialize in newly planted prairie habitat, such as Killdeer and Vesper Sparrows continued 
to be present in survey points that were 2 years out of crop rotation, and it is at this time we 
began to see greater abundances of other species that utilize more complex habitat structure 
such as Dickcissels and Common Yellowthroats. The maximum height and density of the 
vegetation increased dramatically at survey points as the plantings matured from 1 year out 
of rotation to 3 years out of rotation (indicators of greater habitat complexity, providing more 
niche space for species to nest and forage). Grassland specialist species rely on this tall, 
grassy vegetation to nest and forage (Best et al. 1995; Thomas 1999; Powell 2006). The 
change in habitat structure between survey points that were 1 and 2 years out of crop rotation 
also likely explains why we observed the largest change in avian community composition 
between these two time periods (as measured by both the Sorensen Index and the Bray-Curtis 
Index). The MRPP indicates that avian community composition was always significantly 
different between survey points that were 1 year out of rotation and all other points. Survey 
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points that are 1 year out of rotation are also mowed to help control for invasive species, and 
this management contributes to the structural differences we observed between points that 
were 1 year out of rotation and points that had been out of rotation for a longer period of time 
(and therefore contributed to differences in bird diversity).  
 We examined a decline in diversity in survey points that were between 4-6 years out 
of crop rotation. This may be due to the decline in forb cover that is seen in older prairie 
plantings. Dion et al. (2000) reported that grassland songbirds have higher nesting success in 
areas that have greater forb cover versus grass cover. Nest predation by ground squirrels and 
other small mammals increases in frequency in sites that have higher grass cover (Dion et al. 
2000). This decreased nesting success could contribute to the decline in abundance we saw in 
several of the bird species examined in survey points that were 4-6 years out of rotation. 
However, despite the decrease in forbs, we saw another peak in diversity in survey points 
that were greater than 6 years out of crop rotation. Summerville et al. (2007) found that older 
plantings of tallgrass prairie in central Iowa (sites that were 7+ years old) contained the 
highest level of Lepidoptera diversity. This increased food supply would benefit the 
songbirds nesting in these older restorations. In addition, litter depth is greatest in survey 
points that are 6+ years out of crop rotation. This especially benefits species such as 
Henslow’s Sparrows (more nest cover, preferred ground microhabitat) (Cully & Michaels 
2000; Scott et al. 2002). Renfrew & Ribic (2001) also found greater abundance and richness 
of grassland birds in Wisconsin in sites with the deepest litter depths and highest vegetation 
densities. However, it is important to note that management practices differ at other 
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locations, and they may not show the same results of prairie succession (when compared to 
NSNWR).   
 
Implications for Practice  
- Avian diversity and relative abundance follows a bimodal response based on the age of the 
prairie plantings. We recommend managers provide a prairie landscape that includes a 
variety of vegetation structure, litter depth, and grass to forb ratios to maintain 
simultaneously high avian diversity, abundance, and productivity. Managers should also 
consider how burning and grazing regimes influence these various habitat variables.  
- Older prairie restorations (greater than 6 years old), harbor grassland obligate species not 
found in younger restorations. Some of these species (e.g. Henslow’s Sparrows) are obligate 
specialist grassland species that have been in decline for a number of years. Restorations 
need to be managed and maintained to attract these specialist species.  
- Recommendation for further study to improve management practices: Studies need to 
continue to examine the specific habitat variables driving grassland bird response patterns. 
This knowledge will guide managers and practitioners in a more direct manner in how to 
attain maximum diversity in restored grassland areas and how to attract specific grassland 
specialist species to the restored area.  
- Recommendation for further study to improve management practices: Understanding the 
differences in songbird responses to vegetation composition versus vegetation structure is an 
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issue that has not thoroughly been examined by ornithologists. We often assume that 
vegetation structure is more important, but vegetation composition may affect prey base and 
thus may also play into the suite of predictor variables for grassland songbird communities. 
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Tables  
Table 3.1. Average annual abundance of 12 species inhabiting different stages of tallgrass prairie restorations at Neal Smith National Wildlife 
Refuge. Data were pooled from 1994-2007 and ANOVA was used to test for differences. Means are reported with standard errors in 
parentheses. Significantly different groups are indicated by different letters using the Tukey-Kramer analysis. 
 
Species 
 
1 Year out of 
Rotation (n = 28) 
2 Years out of 
Rotation (n = 20)  
3 Years out of 
rotation (n = 20) 
4-6 Years out of 
Rotation (n = 24)  
6+ Years out of 
Rotation (n = 30)  
F P 
Red-winged 
Blackbird 
 
1.53 (.39) 
(B) 
3.40 (.47) 
(A) 
2.55 (.47) 
(A, B) 
2.08 (.43) 
(A, B) 
1.73 (.39) 
(A, B) 
2.82  .0283 
Dickcissel 
 
    0.55 (.21) 
         (B) 
1.55 (.25) 
(A) 
1.40 (.25) 
(A, B) 
1.04 (.23) 
(A, B) 
1.03 (.21) 
(A, B) 
3.13 .0173 
 
American Goldfinch  
 
0.61 (.36) 
 
 
1.20 (.43) 
 
1.00 (.43) 
 
1.25 (.39) 
 
1.23 (.36) 
 
0.50 
 
       .7327 
Grasshopper 
Sparrow 
0.46 (.16) 0.85 (.18) 0.50 (.19) 0.33 (.17) 0.33 (.16) 1.26        .2881 
Common 
Yellowthroat 
0.10 (.17) 
(B) 
 
0.75 (.20) 
(A, B) 
1.16 (.20) 
(A) 
0.58 (.18) 
(A, B) 
1.03 (.16) 
(A) 
5.49        .0004 
Song Sparrow  
 
0.14 (.07) 
 
0.20 (.08) 0.25 (.09) 0.08 (.08) 0.10 (.07) 0.67        .6150 
Horned Lark  
 
0.36 (.06) 
(A) 
         0.00 (.00) 
              (B) 
 
0.00 (.00) 
(B) 
0.00 (.00) 
(B) 
0.00 (.00) 
(B) 
7.26      <.0001 
Killdeer  
 
0.78 (.11) 
(A) 
 
0.10 (.13) 
(B) 
0.00 (.00) 
(B) 
0.00 (.00) 
(B) 
0.00 (.00) 
(B) 
9.90     <.0001 
Vesper Sparrow 0.32 (.07) 
(A) 
 
0.05 (.08) 
(A, B) 
0.05 (.08) 
(A, B) 
0.00 (.00) 
(B) 
0.00 (.00) 
(B) 
4.16       .0076 
American Robin 
         
                     
0.11 (.04) 0.00 (.00) 0.10 (.05) 0.04 (.05) 0.03 (.04) 0.89       .4725 
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Table 3.1. continued 
 
Species 1 Year out of 
Rotation (n = 28) 
 
2 Years out of 
Rotation (n = 20)  
3 Years out of 
rotation (n = 20) 
4-6 Years out of 
Rotation (n = 24)  
6+ Years out of 
Rotation (n = 30)  
F P 
Bobolink  
 
0.07 (.04) 0.00 (.00) 0.00 (.00) 0.00 (.00) 0.07 (.04) 0.84         .5658 
Henslow’s Sparrow  
 
0.00 (.00) 
(B) 
0.00 (.00) 
(B) 
0.00 (.00) 
(B) 
0.00 (.00) 
(B) 
0.43 (.07) 
(A) 
7.15       <.0001 
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Table 3.2. A comparison of average abundance, richness, Shannon’s Index, and Simpson’s Index of 
birds inhabiting different stages of tallgrass prairie restorations at Neal Smith National Wildlife 
Refuge. Data were pooled from 1994-2007 and an ANOVA was used to test for differences. Means 
are reported with standard errors in parentheses.  
 
 
 
 
Table 3.3. Evaluating similarity in community composition of birds inhabiting different stages of 
tallgrass prairie restorations at Neal Smith National Wildlife Refuge using both Sorensen’s Index and 
the Bray-Curtis Index. Data were pooled from 1994-2007 and an ANOVA was used to test for 
differences. Means are reported with standard errors in parentheses. 
 
 
 
 
 
 1 Year Out 
of Rotation 
 
 
n = 28 
2 Years Out 
of Rotation 
 
 
n = 20 
3 Years Out 
of Rotation 
 
 
n = 20 
4-6 Years 
Out of 
Rotation 
 
n = 24 
6+ Years 
Out of 
Rotation 
 
n = 30 
 
 
 
F P 
Richness 2.89 (.33) 
 
 
3.90  (.39) 
 
4.10   (.39) 
 
3.29 (.35) 
 
4.57 (.27)  2.01 .0023 
Abundance 6.14 (.86) 
 
 
9.90 (1.02) 
 
8.00 (1.02) 
 
6.21 (.93) 
 
7.90 (.71) 
 
2.65 .0367 
Shannon 0.89 (.09) 
 
 
1.10  (.11) 
 
1.24  (.11) 
 
1.00 (.10) 
 
1.38 (.08) 
 
5.52 .0004 
Simpson 0.52 (.04) 
 
0.60  (.05) 
 
0.68  (.05) 
 
0.56 (.05) 
 
0.69 (.04) 
 
3.91 .0051 
 Sites Out of 
Rotation for 
1 vs. 2 
Years 
 
n = 28 
 
 
Sites Out of 
Rotation for 
2 vs. 3 
Years 
 
n = 20 
 
Sites Out of 
Rotation for 
3 vs. 4-6 
Years 
 
n = 20 
 
Sites Out of 
Rotation for 
4-6   vs. >6 
Years 
 
n = 24 
 
Sites Out of 
Rotation for 
1 vs. >6 
Years 
 
n = 30 
 
F P 
Sorensen 
Index 
 
0.27 (.05) 
 
0.59 (.05) 
 
0.54 (.07) 
 
0.41 (.07) 
 
0.25 (.07) 
 
6.83 <.0001 
Bray-
Curtis 
Index  
0.27 (.05) 
 
 
0.47 (.05) 
 
0.41 (.06) 
 
0.34 (.07) 
 
0.20 (.06) 
 
3.89 .0070 
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Table 3.4. Pairwise comparisons of similarity of avian communities inhabiting different stages of 
tallgrass prairie restorations at Neal Smith National Wildlife Refuge using a multi-random 
permutation procedure (MRPP). The Bray-Curtis distance measure is used to quantify similarity.  
 
 
   
Yrs. out of rotation 
 
Similarity Measure (A)                         P 
                    1 v. 2 
 
                     0.0365                      .0007 
                    1 v. 3 
 
                     0.0444                    <.0001 
                    1 v. 4-6 
 
                     0.0497                    <.0001 
                    1 v. 6+ 
 
                     0.0491                    <.0001 
                    2 v. 3 
 
                    -0.0046                      .6761 
                    2 v. 4 
 
                     0.0022                      .3383 
                    2 v. 6+ 
 
                     0.0142                      .0277 
                    3 v. 4-6 
 
                    -0.0017                      .5350 
                    3 v. 6+ 
 
                     0.0089                      .0714 
                 4-6 v. 6+ 
 
                     0.0120                      .0318 
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Figures 
 
Figure 3.1. Change in vegetation composition and structure over time: (a) Average percent forb cover, 
grass cover, and obscurity (density) of the vegetation, (b) average litter depth, and (c) average 
maximum vegetation height across different stages of tallgrass prairie restorations at Neal Smith 
National Wildlife Refuge. Significantly different groups are indicated by different letters using 
Tukey-Kramer analysis. Vegetation was measured in late-May and June of 2007.  
 
(a)   
 
(b)  
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 c 
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Figure 3.1. continued  
 
 
(c)  
 
 
    * P < .05 
  ** P < .01  
*** P < .001 
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CHAPTER 4. COMPARISON OF AVIAN TRENDS IN A RESTORED TALLGRASS 
PRAIRIE WITH THOSE IN THE SURROUNDING AGRICULUTRAL 
LANDSCAPE: A FOURTEEN YEAR PERSPECTIVE  
 
 A paper to be submitted to Ecological Restoration  
 
Brian F.M. Olechnowski, Diane M. Debinski, and Tyler M. Harms  
 
Abstract  
A number of grassland avian and woodland species are species of conservation 
concern in the Midwestern United States due to historical habitat change. As a result, 
restoration of tallgrass prairie and the preservation of natural areas have become essential 
conservation practices in this region of North America. We examined abundance trends over 
the last fourteen years for eight grassland and eight woodland species at Neal Smith National 
Wildlife Refuge, a restored tallgrass prairie in central Iowa, and in the greater Iowa 
agricultural landscape. Data from the refuge were based on point counts whereas data from 
the surrounding landscape were based on Breeding Bird Survey routes. We expected that 
grassland species would increase and woodland species would decrease over time within the 
refuge as the restoration matured.  Conversely, we expected few if any changes in the 
surrounding landscape.  Henslow’s Sparrow, a grassland species of high conservation 
concern in Iowa, showed significant increases in abundance both in the refuge and within the 
surrounding Iowa landscape, but this was the only grassland species within the refuge that 
showed an increasing trend.  Six of the woodland bird species showed declining trends in the 
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refuge whereas only three of these species showed declining trends outside of the refuge.  
The one surprising result was that the Eastern Meadowlark (a grassland species) displayed a 
significant increasing trend in the Iowa landscape. In summary, even after 14 years of 
restoration the majority of the grassland species are not increasing in the Refuge or in the 
surrounding landscape.  Some of these differences may be explained by differential habitat 
preferences among grassland species with respect to vegetation height and litter depth. 
Providing a variety of habitat types (with different heights and litter depths) may optimize 
both species diversity and abundance of grassland avian species, and future emphasis should 
be placed on the species of greatest conservation concern such as Henslow’s Sparrows, 
Dickcissels, and Grasshopper Sparrows.  
 
Introduction  
The restoration of tallgrass prairie in the central United States has become an 
essential conservation practice because so much of the natural habitat has been lost over the 
last 50 years. In North America alone 99% of the original tallgrass prairie has been destroyed 
or modified primarily for agricultural practices (Lunt 2003). Prairie wildlife has drastically 
declined as these tallgrass prairies have been rapidly transformed to agricultural fields. Birds 
have been especially affected by this landscape transformation. Grassland birds have been 
declining faster than any other group of avian species in temperate North America (Peterjohn 
& Sauer 1993; Knopf 1994). Obligate grassland species such as Henslow’s Sparrows 
(Ammodramus henslowii), Bobolinks (Dolichonyx oryzivorus), and Grasshopper Sparrows 
(Ammodramus savannarum) are just a few of the grassland specialist species that have faced 
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significant population declines in the past several decades (Vickery et al. 1999; Sauer et al. 
2004).  
 One way we can gauge the success of a restoration project is by monitoring 
population trends of native species over time. Neal Smith National Wildlife Refuge (noted 
hereafter as Neal Smith NWR) in south-central Iowa is a large-scale prairie restoration 
(approx. 2300 ha) that has annually expanded in the spatial scale of its prairie plantings from 
1992-2008, starting at 565 ha and currently at approximately 2300 ha in 2009. The major 
goals of the refuge include restoring native tallgrass prairie, wetland, and savanna habitats 
and performing research to guide the recovery of these systems (U.S. Department of Interior 
1993; Drobney 1994). The central objective of our study was to compare trends of avian 
populations residing in the refuge to trends of avian populations in the surrounding Iowa 
agricultural landscape. We have this unique opportunity because the bird populations have 
been monitored annually on the refuge from 1994-2007. Most restoration studies lack the 
extensive spatial and temporal data to address ecological questions related to changes in 
wildlife populations over time. These data can be used to gauge the success of management 
practices in restoration biology. Here, we examine and compare the trends of 16 avian 
species over 14 years at Neal Smith NWR and the surrounding Iowa agricultural landscape 
(using the national Breeding Bird Survey Data). Two groups of birds are examined based on 
habitat preference: 1) grassland species and 2) woodland species.  
 We hypothesized that we would see populations of obligate grassland birds increase 
on the refuge because the refuge has expanded its spatial scale and larger patch sizes provide 
more habitat for both nesting and foraging. Species that rely heavily on mature grasslands 
such as Henslow’s Sparrows and Dickcissels (Spiza americana) were expected to 
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demonstrate the most pronounced increases (Cully & Michaels 2000; Walk and Warner 
2000). However, species that prefer shorter grasses and crop residue for food were expected 
to decline as the refuge increased in spatial scale of prairie plantings and as prairie plantings 
matured (Best 1995; Thomas 1999). These species include Horned Larks (Eremophila 
alpestris), Killdeer (Charadrius vociferous), and Red-winged blackbirds (Agelaius 
phoeniceus). Changes in species abundance over the last 14 years were expected to be more 
pronounced on the refuge than the greater Iowa agricultural landscape because habitat 
changes have occurred quickly on the local refuge scale during this time period (every year 
local cropland is removed to provide additional space for grassland plantings).    
 We further hypothesized that the woodland bird species would decline at the refuge 
because managers have been removing trees each year as they restore prairie. We did not 
expect to see significant population trends in woodland species across Iowa because there 
was no major modification in tree cover at the larger landscape scale (Iowa Department of 
Natural Resources 2009).  
 
Methods  
Study Area 
 Neal Smith NWR in Prairie City, Iowa USA was established in 1990 and prairie 
plantings began in 1992 to restore an area of Iowa that was historically prairie and savanna 
(U.S. Department of Interior 1992). The major goals of the refuge include restoring native 
tallgrass prairie, wetland, and savanna habitats and performing research to guide the recovery 
of these systems (U.S. Department of Interior 1993; Drobney 1994). At the time of 
acquisition, there were 565 ha of relict natural communities within the refuge boundaries, 
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including 293 ha of highly fragmented and disturbed prairie remnants, 182 ha of overgrown 
oak savanna and wooded gullies, and 89 ha of relict riparian areas (U.S. Department of 
Interior 1993; Drobney 1994). The total restored prairie area has increased each year from 
1992-2007. In 1994, 274 ha of cropland had been planted with diverse mixtures of prairie 
plantings; by 1998, prairie plantings had expanded to 839 ha, with a total of 1132 ha of both 
planted and remnant prairie (Thomas 1999). Total prairie plantings had expanded to over 
1200 ha by 2007 (Drobney pers. comm.). Prairie plantings have consisted of a variety of local 
grass and forb ecotypes native to the tallgrass prairie region (Thomas 1999). The amount of 
wooded habitat on the refuge has decreased each year as refuge managers have removed trees 
to provide additional land for prairie restoration.  
 
Sampling Sites  
 Avian survey points were established and surveyed at Neal Smith NWR from 1994-
2007. These points were chosen using GIS landscape coverage maps to categorize them as 
woodland, cropland, herbaceous (grassland), or riparian habitats (Thomas 1999). Our 
analysis focuses on woodland and herbaceous sites (riparian sites are not included in the 
analysis because of the variety of microhabitat types across each riparian site on the refuge). 
At each site, a center point was located for surveys. Points were separated by a minimum 
distance of 200 m. The number of sites surveyed has changed each year as the refuge has 
expanded and additional locations have been taken out of crop rotation. However, the 
minimum number of sites surveyed each year since 1994 has been maintained at 25 in both 
woodland and herbaceous habitat types. After a newly restored grassland location was 
established, it has been continuously surveyed through 2007. New woodland points have also 
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been established as areas of woodland have been removed in the refuge over the past 14 
years.  
 In order to compare temporal trends in the populations of bird species at Neal Smith 
NWR to the overall greater Iowa agricultural landscape, abundance data for the selected bird 
species were also analyzed using the National Breeding Bird Survey (USGS Patuxent 
Wildlife Research Center 2008). We used the ten nearest established breeding bird survey 
routes to Neal Smith National Wildlife Refuge (Fig. 4.1). These routes run primarily through 
agricultural fields. Trends of avian species on these routes were examined from 1994-2007.  
 
Avian Surveys 
 Birds were surveyed once per season from 1994-2007 at the center point of each site 
established in the refuge. Sampling of birds took place during the breeding season (late May-
June). Individuals were surveyed between 0530 – 1030 CST using 10-minute point counts in 
50-m radius plots (measured from the center of each plot). During a survey, each individual 
bird seen and / or heard within the 50-m radius circle was recorded, and its location and 
distance from the observer were mapped. Swallow flyovers were considered in a separate 
analysis to evaluate the use of flyover data in avian landscape ecology (see Ch. 5). Eight 
grassland species and eight woodland species were used in the analysis. The grassland 
species that were analyzed include Grasshopper Sparrow, Henslow’s Sparrow, Red-winged 
Blackbird, Dickcissel, Killdeer, Sedge Wren (Cistothorus platensis), Eastern Meadowlark 
(Sturnella magna), and Song Sparrow (Melospiza melodia). The woodland species that were 
analyzed include Indigo Bunting (Passerina cyanea), Black-capped Chickadee (Poecile 
atricapillus), Northern Oriole (Icterus gabula), House Wren (Troglodytes aedon), Rose-
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breasted Grosbeak (Pheuciticus ludovicianus), White-breasted Nuthatch (Sitta carolinensis),  
Blue Jay (Cyanocitta cristata), and Yellow Warbler (Dendroica petechia). Species were 
included in the analysis if there were a total of at least 50 individuals observed within the 
1994-2007 observation period (n = 50).  
 Breeding Bird Survey (BBS) data are also collected at the height of the breeding 
season (late May-June) through the national BBS program. Participants skilled in avian 
identification collect bird population data along roadside survey routes. Each survey route is 
24.5 miles long with stops at 0.5-mile intervals. At each stop, 3-minute point counts are 
conducted. During the count, every bird seen or heard within a 0.25-mile radius is recorded. 
Surveys start 30-minutes before sunrise, and typically last about 5 hours (USGS Patuxent 
Wildlife Research Center 2008). The average abundances of the 20 bird species analyzed at 
Neal Smith were also analyzed along the ten nearest BBS routes to Neal Smith National 
Wildlife Refuge from 1994-2007.  
 
Statistical Analyses  
 Statistical analyses were performed using S-Plus Version 7.0 (Insightful Corp 2005). 
Average abundance for each avian species at Neal Smith was calculated as the total number 
of individuals of that species seen and / or heard across all survey sites divided by the total 
number of sites surveyed for that year. The average abundance for each avian species from 
the Breeding Bird Survey was calculated as the total number of individuals of that species 
seen and / or heard in that year across the survey routes divided by 10. Trends were analyzed 
using linear regression. Overall trends at Neal Smith NWR and the surrounding Iowa 
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landscape (using the BBS) were compared for each species by comparing the rates of change 
in average abundance across years using analysis of co-variance (ANCOVA).  
 
Results  
Summary of Trends at Neal Smith National Wildlife Refuge  
 Both grassland and woodland species showed significant declines (Fig 4.2). The only 
species that demonstrated a significant positive trend in abundance was Henslow’s Sparrow 
(r2 = .4742, P = .0092) (Fig. 4.2). Eastern Meadowlark, White-Breasted Nuthatch, and 
Yellow Warbler showed no significant change in abundance between 1994-2007.  
 
Summary of Iowa Breeding Bird Survey Trends  
 The ten nearest Breeding Bird Survey routes in proximity to Neal Smith NWR 
showed significant declines for Song Sparrow (r2 = .4730, P = .0066), Black-Capped 
Chickadee (r2 = .4925, P = .0051), White-Breasted Nuthatch (r2 = .3343, P = .0303), and 
Blue Jay (r2 = .3745, P = .0200) (Fig. 4.2). Three species showed significant positive trends, 
including two grassland species, Henslow’s Sparrow (r2 = .6316, P = .0007), and Eastern 
Meadowlark (r2 = .5397, P = .0028) and one woodland species, Rose-Breasted Grosbeak (r2 
= .3232, P = .0339). Nine out of the sixteen species analyzed from the Breeding Bird Survey 
data did not display any significant change in abundance between 1994-2007.  
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Comparing Trends at Neal Smith National Wildlife Refuge and Iowa Breeding Bird Survey 
Trends  
 ANCOVA was used to compare individual species trends at Neal Smith National 
Wildlife Refuge and the greater Iowa landscape (using the Breeding Bird Survey). Four of 
the sixteen species that were analyzed displayed significant differences: Henslow Sparrow (F 
= 15.47, dF = 1, P = .0007) (increasing at different rates at Neal Smith NWR and in the Iowa 
landscape), Eastern Meadowlark (F = 12.96, dF = 1, P = .0015) (no significant change at the 
refuge and increasing in the Iowa landscape), Song Sparrow (F = 6.01, dF = 1, P = .0222) 
(declining at different rates at Neal Smith NWR and in the Iowa landscape), and Rose-
Breasted Grosbeak (F = 13.80, dF = 1, P = .0011) (declining at Neal Smith NWR and 
increasing in the Iowa landscape) (Table 4.1).  
  
Discussion  
Review of Trends at Neal Smith National Wildlife Refuge  
 We expected to observe an increase in abundance over time for obligate grassland 
species at Neal Smith NWR because the refuge has expanded its spatial scale of prairie 
plantings over time. We did observe a significant increase in abundance of Henslow’s 
Sparrows at the refuge, but other grassland species, including Dickcissels and Grasshopper 
Sparrows displayed significant decreases in abundance over time.  
 Henslow’s Sparrows were not detected during avian surveys until the year 2000 at 
Neal Smith NWR. They require vegetation that is tall and dense (Zimmerman 1988; Cully & 
Michaels 2000), and they have only been spotted in prairie plantings at the refuge that are at 
least 6 years old (Olechnowski et al. in review). Henslow’s Sparrows also rely on litter, 
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standing dead vegetation, and high levels of grass cover for nesting and foraging (Reinking et 
al. 2000; Scott et al. 2002; Powell 2006). Olechnowski et al. (in press) demonstrated that 
prairie plantings at the refuge that are at least 6 years old contain the greatest amount of litter 
and grassy vegetation. Henslow’s Sparrows have been increasing in number on the refuge as 
these restored prairie plantings have aged and have become more suitable to the nesting 
needs of the sparrows.  
 In contrast to Henslow’s Sparrows, two other grassland bird species, Dickcissels and 
Grasshopper Sparrows, showed significant negative declines in abundance over time. There 
could be a number of reasons that explain these declines. Grasshopper Sparrows prefer drier 
grassland habitats, and the climate of central Iowa is not strictly xeric (Swengel 1996). 
Grasshopper Sparrows and Dickcissels are also area-sensitive species (Herkert 1994; Vickery 
et al. 1994; Freemark et al. 1995). Neal Smith NWR contains a variety of different habitats 
including riparian zones, woodland, and savannah that may effectively decrease overall 
habitat patch size for these avian species. Many grassland birds are absent in prairies due to 
inadequate patch size of the restored habitat (Askins 1993). In addition, the decrease in 
woodland at the refuge would effectively remove perches that are important to Dickcissels 
(Zimmerman 1971). Olechnowski et al. (in press) also found that Grasshopper Sparrows and 
Dickcissels prefer restored prairie areas that are 2-3 years old. This preference may be 
explained by the grass to forb ratio, litter depth, or total vegetation height. Nine (n = 9) 
grassland avian survey points were 2-3  years out of crop rotation when surveys were 
conducted in 1997. After 1997, no more than 5 grassland avian survey points were 2-3 years 
old in any given year. For example, in 2000, only 2 survey points were 2-3 years old, in 2004 
only 1 point was 2-3 years out of rotation and in 2007 there were no survey points that were 
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2-3 years out of rotation. Finally, burning and grazing regimes have to be considered at Neal 
Smith NWR. Though we do not have enough vegetation data to make any strong conclusions 
concerning our data set, Powell (2006) did find that Dickcissels and Grasshopper Sparrows 
were least abundant in seasons after burning, and bison grazing increased the abundance of 
Grasshopper Sparrows, but negatively impacted both Henslow’s Sparrows and Dickcissels. 
These results emphasize that maintaining a diverse array of vegetation height, grass to forb 
ratio, and litter depth (by maintaining prairies at different successional stages and varying 
burning and grazing regimes) within the prairie restoration at Neal Smith NWR may promote 
higher species diversity of obligate grassland species.  
 We were not surprised by the significant declines in abundance of Killdeer or Red-
winged Blackbirds. These birds prefer to forage on insects and crop residue left by recently 
abandoned agricultural fields (Graber and Graber 1963; Herkert 1991; Koford and Best 
1996). Neal Smith NWR annually continues to replace agricultural fields with newly restored 
prairie plantings, and as this landscape composition change occurs the abundances of these 
birds were expected to decrease in and around refuge grounds.   
Six out of eight woodland species displayed significant declines in abundance, and 
two species, White-breasted Nuthatch and Yellow Warblers, exhibited no significant changes 
in abundance over time. Ehrlich et al. (1988) classifies the Yellow Warbler as a species that 
prefers edge habitat, and this may be one reason why we did not see a decline in this species. 
We presume that the other woodland species are declining because Neal Smith NWR is 
gradually removing woodland and replacing these habitats with savannah (mixed-trees and 
grass) and / or tallgrass prairie.  
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Review of Iowa Breeding Bird Survey Trends 
 As expected, the majority of the grassland species (five out of the eight) showed no 
significant change in abundance through time when examining Iowa BBS survey trends from 
1994-2007. These species included Grasshopper Sparrows, Red-winged Blackbirds, 
Dickcissels, Killdeer, and Sedge Wrens. The overall landscape of Iowa has not changed 
significantly over the past 14 years to promote a major change in the abundance of these 
grassland species (Iowa Department of Natural Resources 2009). Henslow’s Sparrows and 
Eastern Meadowlarks exhibited significant increases in abundance over time in the larger 
landscape based upon BBS data, but these results should be interpreted with caution. A total 
of only 28 Henslow Sparrows have been detected by the Breeding Bird Survey over the last 
14 years as compared to 57 Henslow Sparrows recorded at Neal Smith NWR. Finally, 
different observers may have recorded the data during the years the trends were analyzed 
(1994-2007), and this may lead to biases in the population trends. 
 Most of the woodland species analyzed did not show significant changes in 
abundance over the last 14 years according to the BBS data: these species included Indigo 
Bunting, Northern Oriole, House Wren, Blue Jay, and Yellow Warbler. White-breasted 
Nuthatch and Black-capped Chickadee displayed significant negative trends, and Rose-
breasted Grosbeak showed a significant increase in abundance. The woodland species had 
relatively low abundances in the BBS database presumably because of the dominant 
agricultural landscape in Iowa (Iowa Department of Natural Resources 2009). Only 7.9% of 
Iowa’s total land cover can be classified as woodland (Zohrer 2006). Thus, it is not surprising 
that there were no major changes in the abundance of these woodland species because 
woodland cover in Iowa has remained relatively unchanged in the last 14 years, and much of 
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the remaining woodland in Iowa (along the Mississippi River corridor) is under state 
protection (Zohrer 2006; Iowa Department of Natural Resources 2009).  
 
Comparing Avian Trends at Neal Smith National Wildlife Refuge to Iowa Breeding Bird 
Survey Trends  
 Twelve out of the sixteen avian species that were analyzed did not display significant 
differences in abundance when comparing trends at Neal Smith NWR to the Iowa Breeding 
Bird Survey. Two grassland species (Henslow’s Sparrows and Eastern Meadowlark) and two 
woodland species (Song Sparrows and Rose-breasted Grosbeak) did display significant 
differences in abundance trends.  
 Abundance of Henslow’s Sparrows has been significantly increasing both at Neal 
Smith NWR and in the larger surrounding Iowa landscape (though sample sizes are low over 
the past 14 years in both the refuge and BBS data). Henslow’s Sparrows were once an 
endangered species in Iowa and are still considered a species of greatest conservation need 
statewide (Zohrer 2006). Promoting long-term restoration goals of tallgrass prairie at Neal 
Smith NWR and around the state of Iowa have allowed these species to slowly increase in 
abundance over time (Zohrer 2006).  
 Song Sparrows are decreasing in abundance at Neal Smith NWR, and are declining 
even faster outside of the refuge. Song Sparrows prefer moist woodland and shrub habitat 
(Ehrlich et al. 1988). Iowa has experienced greater variability in annual precipitation during 
the last decade and these variable conditions may be affecting wildlife populations that live 
in moist habitats (Iowa Department of Agriculture 2009). However, it may be presumptive to 
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infer that climactic change is the main reason for the decline of song sparrows in Iowa; 
additional research is needed.  
 Rose-breasted Grosbeaks are likely declining at Neal Smith NWR because refuge 
managers are removing woodland habitat in the refuge. In contrast to refuge trends, we found 
a significant increase in the abundance of Rose-breasted Grosbeaks in the larger Iowa 
landscape. Rose-breasted grosbeaks are a fairly generalist species, and can thrive in parks, 
gardens, and small forest edges (Erlich et al. 1988). Zohrer (2006) states that farmers are 
reducing the numbers of livestock on farms (reducing the need for pasture), and are moving 
toward more confinement operations. As a result, small woodland patches are increasing in 
prevalence on farms which may support greater populations of woodland generalists such as 
Rose-breasted Grosbeaks (Zohrer 2006).  
 
General Conclusions 
 Abundance trends for species are complex, and the data must be analyzed with some 
care. It is also important to realize that we cannot assume that whole assemblages of avian 
species will increase in abundance simply because they are in a protected area such as a 
wildlife refuge. Each species has very specific habitat needs, and general management 
recommendations that would benefit all grassland bird species are difficult to make. 
Abundance trends should be analyzed on a species by species basis, and a number of 
variables should be taken into consideration to explain these trends. The emphasis on 
management needs should be placed on the species of greatest conservation concern, and 
providing a variety of habitat types (grassland at different heights and with different amounts 
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of litter and forb to grass ratios) will optimize both avian species diversity and abundance of 
avian species.  
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Tables  
Table 4.1. An ANCOVA-based comparison of the trends in the average abundance (n) (averaged 
across years) of twenty grassland, woodland, and generalist bird species at 25-35 survey points (var. 
by year) in Neal Smith National Wildlife Refuge and the ten nearest Breeding Bird Survey routes in 
proximity to Neal Smith National Wildlife Refuge. 
 
                              n(NSNWR) n(BBS)        F 
 
               P 
 
Grasshopper Sparrow 
(Ammodramus savannarum)  
 
 
  305                 513         0.23 
 
           .6360 
Henslow Sparrow 
(Ammodramus henslowii) 
 
    57                   28       15.47            .0007* 
Red-Winged Blackbird 
(Agelaius phoeniceus) 
 
2884             17197         3.82            .0630 
Dickcissel 
(Spiza americana) 
 
  741               3218         0.00            .9476 
Killdeer 
(Charadrius vociferous) 
  128               2044         0.29            .5962 
   
Sedge Wren 
(Cistothorus platensis)  
 
  339                 106         0.14            .7144 
Eastern Meadowlark 
(Sturnella magna)  
 
  131               1292       12.96            .0015* 
Song Sparrow 
(Melospiza melodia) 
 
  445               2112         6.01            .0222* 
Indigo Bunting 
(Passerina cyanea)  
 
  307                 574         2.02            .1688 
Black-Capped Chickadee 
(Poecile atricapillus) 
 
  262                 135         0.23            .6363 
Northern Oriole 
(Icterus gabula) 
 
  159                 583         3.64            .0689 
House Wren 
(Troglodytes aedon) 
 
1143               1566         0.25            .6186 
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Table 4.1. continued  
 
 
 
 
n(NSNWR)     n(BBS)        F 
 
                
 
 P 
Rose-Breasted Grosbeak 
(Pheuciticus ludovicianus) 
 
    403              356          13.80            .0011* 
White-Breasted Nuthatch 
(Sitta carolinensis) 
 
    167                79            1.92            .1787 
Blue Jay 
(Cyanocitta cristata) 
 
    372              611            3.21            .0865 
Yellow Warbler 
(Dendroica petechia)  
 
      80                52            1.13            .2987 
   
   
* P <.05   
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Figures  
 
Figure 4.1. Map displaying the ten nearest Breeding Bird Survey routes in proximity to Neal Smith 
National Wildlife Refuge in Jasper County, IA. These routes were used for the analysis of 20 
grassland, woodland, and generalist bird species in the Iowa agricultural landscape from 1994-2007. 
Routes that are circled were not included in the final analysis because these routes are currently 
inactive or have incomplete data. Map is adopted from the USGS Patuxent Wildlife Research Center 
(2008).  
 
 
 
 
 
  
Figure 4.2. Trends in average abundance of 20 grassland, woodland, and generalist bird 
species from 1994-2007 at (a) 25
and the (b) ten nearest Breeding Bird Survey routes in proximity to Neal Smith National 
Wildlife Refuge. “N” refers to the number of individuals observed during the 14
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Figure 4.2. continued – (a) Neal Smith NWR (b) BBS 
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Figure 4.2. continued – (a) Neal Smith NWR (b) BBS 
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Figure 4.2. continued – (a) Neal S
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Figure 4.2. continued – (a) Neal Smith NWR (b) BBS 
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Figure 4.2. continued – (a) Neal Smith NWR (b) BBS 
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CHAPTER 5. THE USE OF FLYOVER-ASSOCIATED DETECTION DATA IN 
AVIAN COMMUNITY AND LANDSCAPE ECOLOGY: TWO CASE STUDIES 
INVOLVING SWALLOWS  
 
A paper to be submitted to the Journal of Field Ornithology  
 
Brian F.M. Olechnowski, Ron E. VanNimwegen, Diane M. Debinski, and William T. Reed  
 
Abstract  
Flyover data taken during avian point counts pose challenges to researchers. Often 
these data are rejected and not considered in the final analysis of ecological questions. Our 
objective is to demonstrate the value of flyover data by presenting two case studies involving 
swallows. In the first study, we demonstrate how the inclusion of swallow data has elucidated 
trends in avian community responses to drought conditions in montane meadows of the 
Greater Yellowstone Ecosystem (GYE). Cliff Swallows and Violet-green Swallows 
decreased, while Northern Rough-winged Swallows, Barn Swallows, and Tree Swallows 
increased in these meadows. These results indicate that that the two swallow species that 
were associated with the wettest meadows were most negatively impacted. In the second 
study, we show that swallow flyover data recorded and analyzed in a restored tallgrass 
ecosystem in south-central Iowa (Neal Smith National Wildlife Refuge -NSNWR) can be 
used to address questions in avian landscape ecology. Barn Swallows and Tree Swallows 
have increased within the refuge over time as the refuge has expanded, but have remained 
steady in the state of Iowa (Breeding Bird Survey data). Average swallow abundance 
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combined for Tree Swallows, Barn Swallows, and Cliff Swallows showed significant 
increases through time at NSNWR and significant decreases across the state of Iowa. These 
two case studies demonstrate examples of how the inclusion of flyover species in avian 
ecological analysis can provide new insights in avian habitat selection and landscape 
ecology, and should be considered by other researchers in the future.  
 
Introduction  
There are a number of challenges associated with the analysis of ornithological data 
sets. One of the questions that avian biologists often face is the use of flyover data taken 
during traditional bird point counts. Huff et al. (2000) identified two categories of flyover 
detections; associated and independent. A flyover-associated detection is that of a bird 
foraging, searching, or traveling above the highest vegetation at a site (e.g., swallows 
foraging above a patch of willow habitat), and an independent detection refers to birds not 
using the site below them, but usually flying away in a fixed-flight pattern (e.g., a vulture 
flying high above a site toward another location in the greater landscape) (Huff et al. 2000). 
We are primarily interested in discussing the former of these two types of data here.  
Very often, flyover data recorded in point counts are not included in the analysis of 
the posed ecological question because there is insufficient evidence that these birds are using 
the resources of the study sites (Rosenstock 1998; Harding 2005; Norvell et al. 2005; Aerts et 
al. 2008). Behaviors such as landing on the vegetation at a site, actively foraging, nesting, or 
singing typically must be observed for the individual bird to be counted in the data set 
because these activities provide evidence that the bird is using the resources of the habitat 
that is under investigation (Gill 1995).  
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We contend that the analysis of flyover-associated detections could elucidate certain 
ecological questions in avian landscape ecology and may reveal new patterns that would 
normally remain hidden if these data are excluded from statistical analyses. Flyover data has 
been used in some cases to help determine population sizes of colonial birds, such as colonial 
shorebirds (Calvert and Robertson 2002). However, songbird flyovers are rarely examined in 
the context of scientific quandaries in community and landscape ecology. Swallow data are 
particularly interesting in this regard because swallows are often classified as “flyovers” even 
as they are foraging, simply due to the height at which they use the landscape. This habitat 
use is in contrast to the flyover associated with larger-bodied buteos and accipiters, which 
may be less directly associated with habitat use below their sighting.  
Our main objective was to demonstrate the value of flyover-associated detection data 
by presenting two case studies in two different ecosystems using swallow flyover data. The 
first study examines how swallows are responding to drought conditions along a moisture 
gradient in the Greater Yellowstone Ecosystem. A study done by Debinski et al. (2006) 
showed no response of songbirds to these regional drought conditions. However, swallow 
flyovers were not included in the original set of analyses. We hypothesize that including 
swallows in a new analysis would allow us to see whether a swallow’s choice of foraging 
sites could indicate local conditions at the time, because food and nesting resources for these 
swallows might be more significantly affected by drought conditions than some other 
songbird species. These new analyses will expand our interpretation of the bird community 
response.  
The second study examines the trends or change in abundance of swallows over a 
decade at Neal Smith National Wildlife Refuge (NSNWR), a large-scale prairie restoration 
100 
 
 
project in south-central Iowa, USA (approx 2300 ha). The refuge has expanded the spatial 
scale of its prairie plantings from 1992-2007. We hypothesize that the abundance of 
swallows would increase as the refuge has expanded. In addition, we hypothesize that this 
increase in swallow abundance would be significantly greater than trends in swallow 
abundance in the greater agricultural landscape of Iowa. We predicted swallows should 
display no significant trends in the agricultural landscape of Iowa through the last 15 years 
since this landscape has not changed substantially during this time period. This study tested 
the importance of landscape-scale restoration to these birds, and whether quality of foraging 
opportunities for swallows increased as the refuge has grown in size.  
 
Methods  
Case study 1: Swallows and drought conditions in the Greater Yellowstone Ecosystem 
 
Sampling sites.-  
 Our sampling sites are clustered into two regions of the Greater Yellowstone 
ecosystem: the northern "Gallatin" region that includes the Gallatin National Forest and 
northwestern portion of Yellowstone National Park; and the southern “Teton” region that 
includes Grand Teton National Park and the Bridger-Teton National Forest.  The two regions 
have very distinct landscapes, and differ significantly in patch size, but support similar 
meadow types and plant, bird, and insect diversity (see Debinski et al. 2001 and Saveraid et 
al. 2001 for details of sampling sites, methodology, etc.).    
Sampling sites were classified using remotely sensed classification into six meadow 
types (hereafter termed Mtypes), ranging from extremely hydric (M1) to extremely xeric 
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(M6) meadows (Jakubauskas and Debinski 1995).  M1 and M2 meadows are willow (Salix 
spp.) thickets and sedge (Carex spp.) marshes respectively with some standing water.  M3 
meadows are mesic meadows characterized by diverse forb and grass coverage.  M4 
meadows are of medium moisture with cinquefoil (Potentilla spp.) and mixed herbaceous 
vegetation, while M5 meadows have a mixture of sagebrush (Artemesia tridentata) and 
herbaceous vegetation.  M6 meadows are characteristically xeric, rocky, and dominated by 
sagebrush.  Five sites of each Mtype were established in each region, although no M4s were 
found in the Tetons.  Therefore, we sampled thirty sites in the Gallatin and twenty-five sites 
in the Teton region.   
Vegetation condition within each of the meadow sites was assessed annually using 
Normalized Difference Vegetation Index (NDVI = [near-infrared reflectance - red 
reflectance]/[near-infrared reflectance + red reflectance] Jensen 2000) of remotely sensed 
Landsat Thematic Mapper (TM) multispectral satellite imagery (Debinski et al. 2006).  Since 
our NDVI calculations were site- and year-specific, we could statistically relate those values 
directly to the community data we collected at those sites.  Therefore, we used changes in 
NDVI as a method to quantify the effects of changing climatic conditions within each 
meadow type.  Large-scale studies have shown strong correlations between NDVI and 
seasonal weather patterns, especially precipitation (Schultz and Halpert 1993, Yang et al. 
1998).  At finer scales, a decrease in NDVI is correlated with lower plant moisture levels and 
lower biomass (e.g., Teng 1990). Thus, a decreased NDVI implies drier conditions. This 
could result in reduced nest building resources for swallow populations (in the form of mud 
for mud-nesting swallows) and reduced food supply via decreased seed production or insect 
abundance.   
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Identifying species-habitat associations.- 
We conducted bird surveys each summer from 1997 to 2001 (excluding 1999, when 
our sampling efforts were diverted to a related study).  Initial analyses of avian community-
habitat associations did not include swallows because they were considered “flyover” data. 
However, this new analysis includes swallow species in detecting community-level shifts, 
and focuses specifically on swallows for species-level responses. For a given site and year, 
relative abundance of swallows was calculated as the total number of individuals divided by 
the number of surveys performed. Since there were no M4s found in the Teton region based 
on our classification scheme, we only used Gallatin datasets after removing M4s.  With 25 
sites in each region and four years of surveys, each regional dataset consisted of 100 “site-
years.”  
Non-metric multidimensional scaling is considered the most robust ordination method 
in community ecology, based on simulation trials (Minchin 1987).  To assess how well 
species composition corresponded with our remotely sensed classification scheme of Mtypes, 
we used NMDS to ordinate site-years in three dimensions.   We used R for Statistical 
Computing (R Development Core Team 2006) for our analyses.  Specifically, the functions 
metaMDS, ordiplot3d, and envfit from the package ‘vegan’ (Oksanen et al. 2006) were used 
for NMDS.  We used the Bray-Curtis index as a measure of ecological distance, due to its 
robustness in simulation trials (Faith et al. 1987).  The resulting ordinations plotted site-years 
in similarity space; that is, site-years closer to each other on the ordination plots have more 
similar species compositions than those farther apart. 
We then overlaid hypothesized gradients (environmental variables) onto the NMDS 
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plots without disrupting the original configuration of the ordinations. Gradients included 
NDVI, year and meadow type to determine whether they were correlated with any temporal 
shifts in species compositions across years.  Overlaying gradients on an ordination using 
envfit generates an R2 measure of fit and a “significance” value, or probability of a better fit 
from random permutations of the environmental variables.  We used this two-step method 
(NMDS followed by gradient fitting) on data from each of our two sampling regions.  In 
cases with a significant Year effect we sought subsets of Mtypes that showed the strongest 
time related trends. For additional information regarding these approaches, see Debinski et 
al. (2006). 
We produced 3D plots of ordinations where Year and NDVI were both significant 
and calculated the correlation (r) between those vectors as the cosine of their angle in 3-
dimensional similarity space. Finally, we examined temporal changes in each swallow 
species by meadow type to determine those which might have contributed to broader 
community patterns.  
 
 
Case Study 2: Swallows and restoration at Neal Smith National Wildlife Refuge 
 
Study area.-  
  Neal Smith National Wildlife Refuge (NSNWR) in Jasper County, Prairie City, Iowa, 
USA (approx 2300 ha) was established in 1990, and prairie plantings began in 1992 to 
restore an area of Iowa that was historically prairie and savanna (U.S. Department of Interior 
1992). The major goals of the refuge include restoring native tallgrass prairie, wetland, and 
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savanna habitats and performing research to guide the recovery of these systems (U.S. 
Department of Interior 1993; Drobney 1994). At the time of acquisition, there were 565 ha of 
relict natural communities within the refuge boundaries, including 293 ha of highly 
fragmented and disturbed prairie remnants, 182 ha of overgrown oak savanna and wooded 
gullies, and 89 ha of relict riparian areas (U.S. Department of Interior 1993; Thomas 1999). 
The total restored prairie area has increased each year from 1992-2007.  
 
Sampling sites.-  
 Avian survey points were established and surveyed at Neal Smith National Wildlife 
Refuge from 1994-2007. These sites were chosen using GIS landscape coverage maps to 
categorize them as woodland, cropland, herbaceous (grassland), and riparian habitats 
(Thomas 1999). Our analysis focused on herbaceous sites. At each site, a center point was 
located for surveys. These points were separated by a minimum distance of 200 m. The 
number of sites surveyed has changed each year as the refuge has expanded and additional 
locations have been taken out of crop rotation. However, the minimum sample size of sites 
surveyed each year is 25 since 1994; and after a newly restored grassland location has been 
established, it has been continuously surveyed through 2007.  
 In order to compare temporal trends in swallow flyovers at Neal Smith Refuge to the 
overall greater Iowa agricultural landscape, abundance data for swallows were also analyzed 
using the Breeding Bird Survey (USGS Patuxent Wildlife Research Center 2008). We used 
the ten nearest established breeding bird survey routes to Neal Smith National Wildlife 
Refuge (Fig. 5.1). These routes primarily run through agriculture fields. Trends of swallows 
on these routes were examined from 1994-2007.  
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Avian surveys.-  
 Birds were surveyed once per season from 1994-2007 at the center point of each site 
established in the refuge. Sampling of birds took place during the breeding season (late May-
June). Individuals were surveyed between 0530 – 1030 CST using 10-minute point counts in 
50-m radius plots (measured from the center point of each site). During a survey, swallows 
that were seen and / or heard within the 50-m radius circle were recorded, and their distance 
from the observer was mapped. We examined how the average abundance of three swallow 
species, Barn Swallows (Hirundo rustica), Tree Swallows (Tachycineta bicolor), and Cliff 
Swallows (Petrochelidon pyrrhonota) have changed through time as the refuge has expanded 
its boundaries and has placed more land in restored grassland habitat. In addition, trends for 
the average abundance of all three species combined were also analyzed.  
These species were chosen because they are the most abundant swallow species found on the 
refuge and in central Iowa and would thereby provide the most accurate information 
regarding population trends in this group of species.   
Breeding Bird Survey (BBS) data were also collected at the height of the breeding 
season (late May-June) through the national BBS program. Participants skilled in avian 
identification collect bird population data along roadside survey routes. Each survey route is 
24.5 miles long with stops at 0.5-mile intervals. At each stop, 3-minute point counts are 
conducted. During the count, every bird seen or heard within a 0.25-mile radius is recorded. 
Surveys start 30-minutes before sunrise, and typically last about 5 hours (USGS Patuxent 
Wildlife Research Center 2008). The average abundance of Barn Swallows, Tree Swallows, 
Cliff Swallows, and all three of these species combined were analyzed along the ten nearest 
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BBS routes to Neal Smith National Wildlife Refuge from 1994-2007.  
 
Statistical analyses.-  
 Statistical analyses were performed using S-Plus Version 7.0 (Insightful Corp 2005). 
Average abundance of swallows at Neal Smith was calculated as the total number of 
swallows seen and / or heard across all survey sites divided by the total number of sites 
surveyed for that year. The average abundance of swallows from the Breeding Bird Survey 
was calculated as the total number of swallows seen and / or head in that year across the 
survey routes divided by 10. Trends were analyzed using linear regression. Overall trends at 
Neal Smith NWR and the surrounding Iowa landscape (using the BBS) were compared for 
each species by comparing the rates of change in average abundance across years using 
analysis of co-variance (ANCOVA).  
 
Results  
Case Study 1: Swallows and drought conditions in the Greater Yellowstone Ecosystem 
 
The most significant community shifts for NDVI occurred between 1997 and 2000 
(Debinski et al. 2006), so we focused our analysis on changes between these years.  Figures 
5.2 and 5.3 show the major changes in swallow distribution and abundance across meadow 
types from 1997 to 2000.  In general, Cliff Swallows (Petrochelidon pyrrhonota) and Violet-
green Swallows (Tachycienta thalassina), which are associated with wetter meadow types, 
tended to decrease and disappear from meadow types where they had been present in 1997.  
Northern Rough-winged Swallows (Stelgidopteryx serripennis), and Barn Swallows 
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appeared in several meadow types in 2000 where they had been absent in 1997.  Barn 
Swallows also showed an affinity for the more xeric meadows.  Tree Swallows showed the 
most dramatic increase between 1997 and 2000 and appeared in four meadows where they 
had been previously absent.  They were also somewhat modal in M2 meadows. 
For the community analysis, we plotted NMDS ordinations using the 1997 and 2000 
site-years and we fitted the NDVI, Mtype, and Year variables over this ordination using 
envfit.  In the Gallatin region, there were no significant temporal trends.  However, in the 
Tetons the fitted Year vector (summarizing the individual site-year shifts) was negatively 
correlated with NDVI (r = -0.67), and both trends were significant (Table 5.1, Fig. 5.4). 
In order to separate out the responses of wet versus dry meadow types, we plotted the 
shifts between the most extreme years (1997 and 2000) in the subset of only wet meadows 
(M1 to M3).  We then overlaid Year and NDVI vectors (Fig. 5.5) and both trends were again 
significant (Table 1 GYE).  The correlation between Year and NDVI was a virtually perfect 
negative relationship (r = -0.99).   
 
Case Study 2: Swallows and restoration at Neal Smith National Wildlife Refuge 
 
 Barn Swallows and Tree Swallows both displayed a significant increase in average 
abundance at bird survey points at Neal Smith from 1994-2007 (r2 = .380, P = .0234; r2 = 
.480, P = .0091). Cliff Swallows did not display a significant trend through this time period 
(r2 = .080, P = .3363). Total average swallow abundance (Barn Swallows, Tree Swallow, and 
Cliff Swallows combined) also demonstrated a significant increase in average abundance at 
the refuge from 1994-2007 (r2 = .4700, P = .0097) (Fig. 5.6).  
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 Swallow data from the BBS used to demonstrate swallow trends in the greater Iowa 
agricultural landscape displayed strikingly different trends than from those observed at Neal 
Smith National Wildlife Refuge. Barn Swallows, Tree Swallows, and Cliff Swallows 
demonstrated no significant change in average abundance from 1994-2007 (r2 = .1359, P = 
.2151; r2 = .0167, P = .6886; r2 = .0290, P = .5965 respectively). However, the average 
abundance of these three species combined displayed a significant negative trend through the 
13-year time period (r2 = .4460, P = .0348) (Fig. 5.6).  
 When using ANCOVA to compare individual swallow species abundance trends for 
the BBS and the refuge through time, only the difference in the average abundance of Barn 
Swallows was significant (F = 25.61, df = 1, P = .0002) (Table 5.2). However, the average 
combined abundance of Tree Swallows, Cliff Swallows and Barn Swallows showed a 
significant difference in trends for the BBS and the refuge (F = 8.3, df = 1, P = .0098) (Table 
5.2). 
 
Discussion  
Case Study 1: Swallows and drought Conditions in the Greater Yellowstone Ecosystem  
 
In the first case study, we have included an analysis of swallow data recorded in the 
Greater Yellowstone Ecosystem. These data were previously excluded because swallows 
were classified only as “incidental flyovers” during point counts. The inclusion of swallows 
has allowed us to build on previous research in this system that originally showed that other 
bird species were not responding to drought conditions in the GYE (Debinski et al. 2006). 
When swallows were included in the analysis, we are able to demonstrate that this bird 
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community, particularly in the wetter meadows of the Teton region, did show a temporal 
shift in community composition during a time of drought. The Teton region has much larger 
patches than the Gallatin region, with many of the meadows in the extreme moisture classes 
differing by over a magnitude in size between the two regions (Debinski et al. 2000). 
Swallows are highly mobile bird species, and they may be utilizing the Gallatin meadows as 
a mosaic of patches, whereas they can respond more directly to changes in the larger patches 
of the Tetons. We are able to think differently about the bird communities in the GYE by 
including swallows in the analysis. All of these species of swallows are dependent upon 
insects as a food base and both Cliff Swallows and Barn Swallows are dependent upon mud 
to make their nests. Thus, they may be even more susceptible to effects of drought than some 
of the other songbirds within the community.  
Our results showed that Cliff Swallows (mud nesters) and Violet-green Swallows 
(tree cavity nesters) decreased, whereas Northern Rough-winged Swallows (burrowing nest 
site opportunists, Ehrlich et al. 1988), Barn Swallows (mud nesters), and Tree Swallows (tree 
cavity nesters) increased.  At first glance, these responses are not as consistent as one might 
expect, with all mud-nesters responding in one manner and tree nesters responding in 
another.  However, the two species that showed the largest declines were associated with the 
wettest meadows.  And responses within one species of swallows could have repercussions 
on other species that use the habitat in slightly different ways.  For example, if the cause of 
the decline of Violet-green Swallows was due to factors that had less effect on Tree 
Swallows, a decrease in Violet-green Swallows would mean decreased competition for nest 
sites for Tree Swallow. Beal (1918) points out that "in its food habits this species [the tree 
swallow] differs somewhat from other American swallows in that it eats an appreciable 
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quantity of vegetable food, frequently filling its stomach completely with berries or seeds."  
If flying insects dependent on standing water decreased, but the vegetation in those areas still 
produced alternate food, Tree Swallows may have been able to increase while Violet-green 
Swallows declined. 
In comparing responses across meadow type, it is not surprising that the wetter 
meadows are showing up to be more sensitive than the drier meadows (as displayed by the 
pronounced changes in avian communities in the wettest meadows). Our previous work has 
shown that the mesic meadows show the highest degree of seasonal and interannual variation 
of NDVI (Debinski et al. 2000).  In a primarily xeric environment such as the sage steppe 
that characterizes much of the lower elevation meadows, hydric sites are relatively rare. 
During a time of drought, changes in xeric sites may be minimal given that the plant and 
animal species that inhabit these areas are adapted to xeric conditions.  However, the hydric 
and mesic meadows are much more vulnerable.  During a time of drought, hydric and mesic 
meadows may significantly change with respect to vegetation condition, and even vegetation 
composition over periods of decades.  The communities inhabiting these wetter meadows 
may significantly shift with respect to insect abundance and availability of abiotic resources 
such as mud, making them much more inhospitable sites for songbirds dependent upon these 
resources. 
 
Case Study 2: Swallows and restoration at Neal Smith National Wildlife Refuge  
 
 The average abundances of Tree Swallows and Barn Swallows have both 
significantly increased at NSNWR since the early 1990s as the refuge has expanded its 
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physical boundaries each year. The average total number of all swallows combined (across 
species) has also increased at the refuge. This result contrasts strongly with the significant 
decline in the abundance of swallows across the greater landscape of Iowa over the last 
decade as demonstrated by the Breeding Bird Survey.  
 Natural habitat is important for these swallow species. Extensive agriculture can 
negatively affected populations of many bird species, including swallows. For example, 
Ghilain and Belisle (2008) have shown that both tree swallow populations and average clutch 
size have declined in areas of Canada where agriculture is expanding. Boutin et al. (1999) 
also hypothesize that the occurrence of Barn Swallows on agricultural fields may decrease 
due to pesticide use. Thus, we suspect that average Tree Swallow and Barn Swallow 
abundances show no major changes in the Iowa landscape because the extent of farmland in 
the state has remained relatively constant, but average abundances have increased in Neal 
Smith National Wildlife Refuge because additional natural grassland and savannah habitat 
have been restored each year from 1994-2007. Restored grassland and savannah habitat 
provide both improved food sources and improved nesting opportunities.  
Food sources for swallows are probably expanding on the refuge as the refuge 
increases in size. Berries and seeds of both forbs and grasses, which are important food for 
Tree Swallows (Beal 1918), are also likely becoming more plentiful over time. The increase 
in the overall habitat heterogeneity of the landscape on the refuge (a mosaic of woodland, 
riparian habitat, savannah, and grasslands) may also influence the abundance and distribution 
of insects as a food source (Brown et al. 2002).   
Nesting habitat for swallows is also important to consider when examining and 
comparing trends in average swallow abundance over the 13-year time period at the refuge 
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and with those in the greater Iowa landscape. Tree swallows prefer large cavities for nesting 
which are generally in greater supply on the heterogeneous landscape of NSNWR (the refuge 
does not supply artificial nest boxes, so the placement of these nest boxes are not driving 
these patterns) as compared to agricultural land (Rendell and Verbeek 1996). Barn and Tree 
Swallows may also be responding to the increased complexity of habitat structure provided at 
the refuge (when compared to cropland); which increases nest-site availability, decreases the 
potential for predation, and increases fledgling success (Holt and Martin 1997). Cliff 
Swallows likely do not show significant trends on the refuge simply because vertical 
landscape formations, which are preferred by this species for nesting, are not prevalent on the 
refuge.   
It is interesting to note that both Barn Swallows and Tree Swallows increased in 
average population size both in the GYE and at NSNWR during the periods of time 
examined. In the GYE, Tree Swallows may have fared relatively well during a drought 
because they are more generalist in their foraging preferences (Beal 1918), and thus more 
robust to environmental change. They may have been able to benefit from less competition 
with other swallow species when other species were declining. At NSNWR, an expanding 
restored landscape (with more foraging opportunities) could provide a partial explanation for 
increases in both Tree Swallows and Barn Swallows. However, both of these species are 
dependent upon trees or human structures for nesting and these resources declined at 
NSNWR during the time period examined. Thus, these results must be considered with some 
caution.     
These two case studies have provided strong examples of how flyover data, in this 
case, for swallow species, may allow researchers to more broadly address questions 
113 
 
 
regarding bird community responses to landscape changes. Many studies have focused on the 
nesting habits, behaviors, and physiology of swallows, but very few studies have considered 
these species as important taxa in examining large-scale ecological questions (Moller 2005; 
Winkler et al. 2005; Rendell and Verbeek 2006; Fujita and Higuchi 2007). Associations with 
landscape patterns can be elucidated by analyzing some of these typical “flyover” species, 
and could potentially allow ecologists to build habitat selection and habitat use models for 
these types of species in the future (Lawler and Edwards 2002).  
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Tables  
Table 5.1.  Diagnostics of NMDS ordinations with test statistics and correlations of vectors (r: 
between NDVI and Year) fitted with function envfit.  Data represent swallow distribution and 
abundance at 55 meadows during 1997-2000. Stress is a goodness-of-fit measure of how well the 
plotted scores (site-years) represent the Bray-Curtis ecological distance. 
 
Meadow types Stressa Fitted vector R2            Pb Correlation (r) 
All (M1-M6) 12% Year 0.41 < 0.001 -0.67 
  NDVI 0.67 < 0.001  
Wet (M1-M3) 11% Year 0.40 0.001 -0.99 
  NDVI 0.39 0.004  
 
a
 There are no absolute “rules-of-thumb” concerning acceptable stress values because they are numerically 
dependent on the number of dimensions and site scores (similar to a sample standard deviation); for 50 and 30 
site scores, stress values < 15% indicate good representations of true community similarities in three 
dimensions. 
 
b
 Significant values are the probability of obtaining a greater R2 from randomly permutated Year and NDVI 
values (proportion of 1000 trials). 
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Table 5.2. An ANCOVA-based comparison of the trends in the average abundance of Barn Swallows, 
Cliff Swallows, Tree Swallows, and these three species combined at 25-35 survey points (var. by 
year) in Neal Smith National Wildlife Refuge and the ten nearest Breeding Bird Survey routes in 
proximity to Neal Smith National Wildlife Refuge from 1994-2007. 
 
 
 
F P 
 
Barn Swallow (Hirundo 
rustica) 
 
 
25.61 
 
   0.0001* 
Cliff Swallow (Petrochelidon 
pyrrhonota) 
 
 0.16  0.6900 
Tree Swallow (Tachycineta 
bicolor) 
 
 1.89  0.1880 
All Swallows  
 
 
                    23.31   0.0002* 
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Figures  
Fig. 5.1.Map displaying the ten nearest Breeding Bird Survey routes in proximity to Neal Smith 
National Wildlife Refuge in Jasper County, IA. These routes were used for the analysis of swallow 
trends in the Iowa agricultural landscape from 1994-2007. Routes that are circled were not included 
in the final analysis because these routes are currently inactive or have incomplete data. Map is 
adopted from the USGS Patuxent Wildlife Research Center (2008).  
 
 
 
 
 
  
Fig. 5.2. Abundances of swallow species in 1997 and 2000 a
Greater Yellowstone Ecosystem
Swallow, VGSW = Violet Green Swallow, NRWS = Northern Rough
Tree Swallow, and BARS =Barn Swallows
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Fig. 5.3. Abundances of swallow species by meadow type in 1997 (a) and 2000 (b) in the Greater 
Yellowstone Ecosystem.  Figures are based on actual counts summed across 55 sites, so there are no 
error bars to reflect variation; abundance has been square root transformed so the same y-axis scale (0 
- 1.5) could be used.  CLSW= Cliff Swallow, VGSW = Violet Green Swallow, NRWS = Northern 
Rough-Winged Swallow, TRES = Tree Swallow, and BARS =Barn Swallows 
 
 
(a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 5.4. NMDS ordination plot of Teton bird site
1997 and 2000 (25 sites, 2 years) fitted with NDVI, meadow type, and Year vectors for all meadow 
types (Mtypes 1, 2, 3, 5, and 6).  Vectors are indicated with arrow
strength (length of arrow) of their correlation with the ordination plot.  The fitted Year vector 
(summarizing the individual site
correlation (r =  -0.63). 
 
  
 
 
 
 
 
 
 
 
 
 
123 
-years in the Greater Yellowstone Ecosystem
s that represent the direction and 
-year shifts) is pointing opposite that of NDVI, indicating a negative 
 for 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig. 5.5. NMDS ordination plot of Teton bird site
1997 and 2000 (25 sites, 2 years) fitted with NDVI, meadow type, and Year vectors for only wet 
meadows (Mtypes 1, 2, and 3).  Vectors are indicated with arrows that represent the direction and 
strength (length of arrow) of their correlation with the ordination plot.  The fitted Year vector 
(summarizing the individual site
perfect negative correlation (r =
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Fig. 5.6. Trends in average abundance of Barn Swallow, Cliff Swallow, Tree Swallow, and these 
three species combined at (a) 25-35 survey points (var. by year) in Neal Smith National Wildlife 
Refuge, and the (b) ten nearest Breeding Bird Survey routes in proximity to Neal Smith National 
Wildlife Refuge. “N” refers to the total number of individuals observed between 1994-2007.  
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Figure 5.6. continued – (a) Neal Smith NWR  (b) Breeding Bird Survey  
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CHAPTER 6. GENERAL CONCLUSIONS  
 
 
Discussion  
 
 The goal of this research was to study avian richness, abundance trends, and 
community composition in two endangered temperate ecosystems of the United States, 
riparian willow habitat in the mountain west and tallgrass prairies in the Midwest. While it is 
difficult to attribute the importance of one or two “key variables” that control diversity 
patterns of birds in these two systems, we have elucidated some important ecological clues in 
how to maintain and promote avian diversity in riparian willow mountain systems and 
restored tallgrass prairies. There are also some interesting comparisons that can be drawn 
from examining songbird diversity in these two systems.  
 In chapter two, we focused on songbird response to riparian willow habitat 
structure in two regions of the Greater Yellowstone Ecosystem. The willows in the southern 
region (Grand Teton National Park) had greater vertical and horizontal habitat complexity 
compared to the northern region (Gallatin National Forest). This is likely due to a 
combination of hydrological factors as well as different histories of elk-browsing in the two 
regions of the system (browsing is less in the southern region). Willows were taller and less 
dense in the southern portion of the system, providing more habitat for songbird nesting. We 
found both higher richness and abundance of birds in the southern portion of the system. The 
height of the willows at each of our study sites was the most important variable explaining 
songbird richness and abundance.  
 Songbird communities are influenced by the structural characteristics of this 
system, and this structure differentially affects avian species based on their specific life 
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history characteristics. For example, Lincoln’s Sparrows were found in even abundance 
across both regions of the GYE presumably because Lincoln’s Sparrows prefer to nest closer 
to the ground than other species (and willow height was not a significant factor for this 
species) (Salt 1957). However, Anderson (2007) found that Fox Sparrows and Willow 
Flycatchers were especially sensitive to habitat changes due to elk browsing, and both of 
these species were found in greater abundance in southern region, where willow heights were 
taller.   
 In chapter three, we examined how songbirds respond to vegetation structure 
through time in a restored tallgrass prairie ecosystem, Neal Smith National Wildlife Refuge 
in central Iowa. Again, individual life history characteristics were important to consider. 
Certain species, such as Killdeer and Horned Larks preferred prairie restorations that were 1-
2 years out of crop rotation because these species selectively use and nest in open, sparsely 
vegetated habitats (Herkert 1994; Best et al. 1995). Other grassland obligate species, such as 
Henslow’s Sparrows were only found in grassland sites that had been restored for at least 6 
years. These sites had tall vegetation and deep litter which are both important to the habitat 
needs of Henslow’s Sparrows (Zimmerman 1988; Cully & Michaels 2000). Overall diversity 
(both richness and abundance) peaked at sites that were 2-3 years out of rotation, and at sites 
that were more than 6 years out of rotation; a bimodal response was observed. We 
recommend managers provide a variety of tallgrass prairie stages of different ages (varying 
vegetation structure and habitat features) to maintain high diversity, abundance and 
productivity. Managers should also especially pay attention to the life history characteristics 
and habitat needs of rare obligate grassland species, such as Henslow’s Sparrows, 
Dickcissels, and Bobolinks.  
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 The height of the vegetation is an important habitat variable for avian diversity 
patterns in both the riparian willows of the GYE and in the tallgrass prairies of Neal Smith 
NWR. In both systems we see a shift in levels of richness and community composition when 
comparing sites with low vegetation to sites with taller vegetation. The tallgrass prairie 
ecosystem contains a greater diversity of plant life when compared to the riparian willow 
habitat of the mountain west. However, both systems maintain similar levels of songbird 
richness and abundance. This research supports the idea that avian diversity is more 
influenced by the complexity of the horizontal and vertical structure of a habitat, not 
necessarily by the richness of the plant species in the habitat (though it is acknowledged that 
there are many other differences across the two systems that would also influence avian 
songbird communities) (Hilden 1965; Cody 1968; Wiens 1969; Zimmerman 1971).  
 In chapter four, we were primarily interested in comparing abundance trends of 
16  songbird species through time (1994-2007) in a dynamic, maturing restored tallgrass 
prairie (Neal Smith NWR) to trends in the more stagnant greater agricultural landscape of 
central Iowa. This study yielded some surprising results. A number of both grassland and 
woodland avian species displayed patterns of decline both at Neal Smith NWR and in the 
greater Iowa agricultural landscape (using data from the National Breeding Bird Survey). 
Woodland species are declining at the refuge presumably because the refuge is actively 
removing woodland to provide more room for prairie restoration. Early successional prairie 
species (i.e. Killdeer, Red-winged Blackbirds) are also in decline as this habitat becomes less 
available at the refuge and matures into latter stages of tallgrass prairie habitat. Other 
grassland species may be showing a decline simply due to the decrease in the variability in 
the sites that were sampled each year. For example, in chapter 3 we observed that 
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grasshopper sparrows were most abundant in prairies that were 2-3 years out of crop rotation. 
We may see a decline in this species because more grassland sites of this age (2-3 years) 
were sampled in earlier years of the survey as opposed to later years.  
 Henslow’s Sparrows are increasing both at Neal Smith NWR and in the Iowa 
landscape. Again, as shown in chapter 3, these species do well in mature grasslands (high 
amounts of litter, tall vegetation, adequate grass cover), and as prairie matures at the refuge 
these species are becoming more abundant (Reinking et al. 2000; Scott et al. 2002; Powell 
2006). The BBS displayed a variety of trends across the 16 species that were analyzed. The 
individual life history characteristics of these species must be taken into account when 
studying these trends in more detail. For example, other grassland birds such as Grasshopper 
Sparrows, Dickcissels, and Meadowlarks require a unique combination of habitat variables 
(litter depth, grass to forb ratio, vegetation height) in order to succeed in the environments in 
which they are found.  
 In chapter five, we provide a commentary on ornithological field methods; 
namely a consideration of how including flyover species in the analysis of songbird data may 
elucidate certain ecological questions in the study of avian diversity patterns. We build on the 
primary questions that have been presented in chapters 2-4 by including an analysis of 
swallows, a classic flyover species in ornithological data sets.  
 A study by Debinski et al. (2006) showed no response in songbird diversity 
patterns to drought conditions in the Greater Yellowstone Ecosystem. However, when 
swallow flyovers were included in the analysis, we were able to demonstrate that swallow 
communities, particularly in the wetter meadows of the Teton region, did show temporal 
shifts in community composition during a time of drought. Life history characteristics and 
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competitive interactions of these swallow species need to be considered (a recurring theme). 
Cliff Swallows and violet-green swallows decreased while barn swallows and tree swallows 
increased. Cliff Swallows and Violet-green Swallows are associated with the wettest 
meadows; the meadows that are most susceptible to drying and habitat change (cliff 
swallows especially prefer this moist habitat because they construct their nests from mud). 
The decline of violet-green swallows could also influence the positive trend in tree swallow 
abundance because competition for nesting sites would decline. Beal (1918) states that an 
appreciable amount of food in the diet of tree swallows consists of vegetable matter, so a 
decrease in insects associated with wetter meadows would have less of an impact on tree 
swallows.  
 In chapter 4, we compared the abundance trends of sixteen songbird species at 
Neal Smith NWR and in the greater Iowa agricultural landscape. In chapter 5, we extend this 
analysis to include swallow flyover detections made during the 14-year time span (1994-
2007). These data are in contrast to what we observed with the other 16 species included in 
the analysis in chapter 4. Tree Swallows, and Barn Swallows are increasing at the Refuge, 
but we do not see any significant change in the abundance trends of these two species in the 
greater Iowa agricultural landscape (National Breeding Bird Survey). Tree and Barn 
Swallows are likely increasing at the Refuge because the patch size of the grasslands in the 
refuge is expanding, and insect food sources are likely increasing and becoming more 
available to these species as grassland plantings mature. These patterns of avian diversity in 
both the GYE and at Neal Smith NWR would have been overlooked if swallows, as a flyover 
species, were excluded from analyses.  
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Conservation Implications and Further Research  
 A common thread found in all chapters of this dissertation is that birds vary 
widely from species to species in their life history characteristics. This poses a difficulty to 
conservation biologists and managers who wish to propose a “silver-bullet” plan to maximize 
avian diversity. Each plan is likely to have drawbacks, and what may promote the diversity 
of one guild of birds, may hinder the diversity of another guild of birds (e.g, expanding 
grasslands at Neal Smith NWR while removing woodland in the process). However, the 
continued monitoring of avian populations, especially in endangered ecosystems, must 
remain a priority. Birds are good indicator species, and we may be able to learn something 
about these endangered systems as a whole by better understanding avian diversity trends in 
these environments (Taper et al. 1995). Diversity measures are complex, and the data need to 
be analyzed cautiously and with some discretion. Each species has very specific food, 
nesting, and habitat needs; and the analyses of the diversity trends of each of these species 
must be considered on a species to species basis. The goals of the management team must be 
clear, but we recommend focusing on the needs of the most endangered species in the most 
endangered ecosystems. If managers and conservationists are able to manage for a diversity 
of horizontal and vertical habitat structure across large landscapes and provide a variety of 
habitat types at different successional stages, this will likely attract the widest range of avian 
species. However, the scale at which one seeks to maximize diversity of habitat structure is 
an important consideration. Minimum patch size requirements should be carefully considered 
in the context of rare species management in both the Midwestern tallgrass prairies and the 
montane meadows of the Greater Yellowstone Ecosystem.  
 
133 
 
 
Literature Cited  
Anderson, E. M. 2007. Changes in bird communities and willow habitats associated with fed 
elk. Wilson Journal of Ornithology 119:400-409.  
Beal, F. E. L. 1918. Food habits of the swallows, a family of valuable native birds. U.S.  
 Department of Agriculture Bulletin 619.  
Best, L. B., K. E. Freemark, J. J. Dinsmore, and M. Camp. 1995. A review and synthesis of 
habitat use by breeding birds in agricultural landscapes of Iowa. The American 
Midland Naturalist 134:1-29.  
Cody, M. L. 1968. On the methods of resource division in grassland bird communities.  
 The American Naturalist 102:107-147.  
Cully J. F. Jr., and H. L. Michaels. 2000. Henslow’s Sparrow habitat associations of  
 Kansas tallgrass prairie. Wilson Bulletin 112:115-123.  
Debinski, D. M., R. E. VanNimwegen, M. E. Jakubauskas. 2006. Quantifying relationships  
 between bird and butterfly community shifts and environmental change. Ecological  
 Applications 16:380-393.  
Herkert, J. R. 1994. The effects of habitat fragmentation on Midwestern grassland bird  
 communities. Ecological Applications 4:461-471.  
Hilden, O. 1965. Habitat selection in birds: a review. Annales Zoologici Fennici 23:53- 
 75.  
Powell, A. F. L. A. 2006. Effects of prescribed burning and bison (Bos bison) grazing on  
 breeding bird abundances in tallgrass prairie. Auk 1:183-197.  
Reinking, D. L., D. A. Wiedenfeld, D. H. Wolfe, and R. W. Rohrbaugh Jr. 2000.  
 Distribution, habitat use, and nesting success of Henslow’s Sparrow in Oklahoma.  
134 
 
 
 The Prairie Naturalist 32:219-232. 
Salt, G. W. 1957. An analysis of avifaunas in the Teton Mountains and Jackson Hole, 
Wyoming.Condor 59:373-393. 
Scott, P. E., T. L. DeVault, R. A. Bajema and S. L. Lima. 2002. Grassland vegetation and  
 bird abundances on reclaimed Midwestern coal mines. Wildlife Society Bulletin  
 30:1006-1014.  
Taper, M. L., K. Bohning-Gaese, and J. H. Brown. 1995. Individualistic responses of bird  
 species to environmental change. Oecologia 101:478-486.  
Taper, M. L., K. Bohning-Gaese, and J. H. Brown. 1995. Individualistic responses of bird  
 species to environmental change. Oecologia 101:478-486.  
Wiens, J. A. 1969. An approach to the study of ecological relationships among grassland  
 birds. Ornithological Mongraphs 8:1-93.   
Zimmerman, J. L. 1971. The territory and density dependent effect in Spiza Americana. 
 Auk 88:591-612.  
Zimmerman, J. L. 1988. Breeding season habitat selection by the Henslow’s sparrow  
 (Ammodramus henslowii) in Kansas. Wilson Bulletin 100:17-24.    
 
 
 
 
 
 
 
135 
 
 
ACKNOWLEGMENTS  
 
 The last five years have been quite the journey, and there are numerous people to 
thank who have guided me through this exciting stage of my life (also known as graduate 
school). First off, I would like to thank my family for their love and support. They have been 
with me through the ups and downs of my academic career thus far, and I know I will 
continue to turn to them for advice and guidance in my next life adventure.  
 I would like to graciously extend my thanks to Dr. Diane Debinski, my academic 
advisor. None of this would have been possible without Diane’s continued support over the 
last five years. She believed in me since the day we met, and 20 grant proposals later, she 
still stands with me. Diane never let me take short-cuts, and she always pushed me to the 
next level. I was not an easy graduate student to contend with as I took on many 
responsibilities in addition to my academic work. However, Diane supported me through 
these many endeavors; from taking on the role of president on the Graduate and Professional 
Student Senate, to working as activist in the LGBT community at Iowa State, to moving to 
Chicago during my last year of graduate school to pursue a teaching career. I could not have 
asked for a more intelligent, strong, and understanding woman to serve as my academic 
advisor. Thank you Diane from the bottom of my heart.  
 I would like to thank all those that helped with the composition and revisions of 
my major academic papers over the last five years. My committee members, Rolf Koford, 
Carol Vleck, David Otis, and Brent Danielson; my statistical consultant, Dianne Cook; my 
Preparing Future Faculty leader, Donna Kienzler; my undergraduate associates, William 
Reed and Tyler Harms (two of the most awesome and motivated young men to work with), 
136 
 
 
my colleagues at Neal Smith National Wildlife Refuge, Pauline Drobney and Karen Viste-
Sparkman; the many field techs and student colleagues over the years that have helped 
collect the enormous amount of data that I was privileged to work with; including Brett 
Giesler and Liessa Thomas; my labmates and colleagues in the Department of Ecology, 
Evolution, and Organismal Biology at ISU over the years, Jessica Petersen, Jen Vogel, Ron 
VinNimwegen, Christopher Chandler, Jennet Caruthers, Jessica Orlofske, Matt Petersen,  
Sheri Svehla, Erin Myers, and Jennifer Deitloff. 
 A special thanks goes to James Colbert, my teaching mentor for the George 
Knaphus Fellowship and a valued friend and mentor throughout my graduate career at Iowa 
State. I know I can always turn to Jim for anything from career advice to learning new 
teaching methods in the classroom. Jim has always gone out of his way for me, and I was 
also honored that he served as my advisor for the Preparing Future Faculty Program. Thank 
you Jim for seeing my potential as a teacher; I will never forget you when I meet a new 
group of students each semester.  
 Finally, I would like to thank my partner Brandon for his loving support. He has 
made moving to Chicago an easy adjustment for me, and he is always my first line of defense 
when I have a bad day. Brandon will continue with me on my journey, and I could not have 
asked for a better person to stand by my side as this act concludes in my life and as the 
curtain rises on a new show tomorrow.  
 
  
  
  
